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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a cleaning 
device and method that can prevent mist from attaching 
to a cleaning bath during the cleaning of a 
semiconductor substrate and can obtain clean surface 
from high effect of removing of residual ground particles. 

SOLUTION: A cover 5C is provided in a mist produced 
area to prevent splashing, so that the mist produced by 
high-pressure water jet during the cleaning of a 
semiconductor substrate is not reattached to the 
substrate 20. At the same time, a cavity is caused by 
bringing stationary water into contact with high-pressure 
water, and residual ground particles are removed by 
using high-frequency generated by the cavity. In 
addition, the high-pressure water ejection onto the 
semiconductor substrate surface is conducted in a liquid 
phase such as extra pure water, etc., so that mist does 
not occur at all from the beginning. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A cleaning method of a semiconductor substrate characterized by comprising the 
following. 

A process of laying a semiconductor substrate in a substrate holder part of a semiconductor 
substrate washing station. 

A process which rotates said semiconductor substrate, and a process of impressing high 
frequency blowing off high pressure wash water towards said revolving cleaning surface of a 
semiconductor substrate. 

[Claim 2]A cleaning method of the semiconductor substrate according to claim 1 , wherein said 
high frequency impressed contains at least 400-kHz high frequency. 

[Claim 3]A cleaning method of the semiconductor substrate according to claim 1 . wherein said 
high frequency impressed has a continuous frequency component in a frequency band of 800 
kHz or less. 

[Claim 4]A cleaning method of a semiconductor substrate of any one statement of claim 1 to 
claim 3, wherein said high frequency impressed is generated by contacting said high pressure 
wash water into washing ****** formed on said cleaning surface. 

[Claim 5]A cleaning method of a semiconductor substrate of any one statement of claim 1 to 

claim 4, wherein said high pressure wash water blows off from a penetrant remover nozzle 

provided movable on said semiconductor substrate towards said cleaning surface. 

[Claim 6]A cleaning method of a semiconductor substrate of the statement according to claim 5, 

wherein an inside diameter of said penetrant remover nozzle is 0.3 mm or more. 

[Claim 7]A cleaning method of a semiconductor substrate of the statement according to claim 5, 

wherein an interval from said cleaning surface to said penetrant remover nozzle tip is not less 

than 7 mm. 

[Claim 8]A cleaning method of a semiconductor substrate of any one statement of claim 4 to 
claim 7 when a part of high pressure wash water which blew off to this centrum of pencil sponge 
that has the centrum provided so that said penetrant remover nozzle might be surrounded stops 
said washing ******, wherein it is formed. 

[Claim 9]A cleaning method of a semiconductor substrate of any one statement of claim 1 to 
claim 8 rotating said substrate with revolving speed of 10 rpm in a process which rotates said 
semiconductor substrate. 

[Claim 10] A cleaning method of a semiconductor substrate of any one statement of claim 1 to 
claim 9, wherein a pressure impressed to said high pressure wash water is more than 30 

kgf/ cm^. 

[Claim 1 1]A cleaning method of a semiconductor substrate of any one statement of claim 1 to 
claim 1 0 characterized by choosing the pH of said high pressure wash water so that potential of 
said cleaning surface and F-potential of particles which adhere at this cleaning surface may turn 
into potential of the same kind into said high pressure wash water. 

[Claim 12]In said process of removing particles which said semiconductor substrate was laid in a 
substrate holder part by a wet state, and adhered to this cleaning surface in said process of 
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laying a semiconductor substrate, A cleaning method of a semiconductor substrate of any one 
statement of claim 1 to claim 1 1 characterized by supplying a rinse on this cleaning surface so 
that said cleaning surface may be maintained at a wet state. 
[Claim 13]A substrate holder which should fix a substrate. 

A high pressure water ejection mechanism in which it has the 1 surface of the substrate, and the 

rocket engine jets which countered when a substrate is fixed to said substrate holder. 

A chamber which built in said substrate holder and said high pressure water ejection mechanism. 

A gas supplying port connected to said chamber. 

An exhaust port connected to said chamber. 

It has further a rinsing water feed pipe which is the substrate cleaning device provided with the 
above, and supplies rinsing water to the other surfaces of said substrate. 

[Claim 14]A substrate holder which should fix a substrate. 

A high pressure water ejection mechanism in which it has the 1 surface of the substrate, and the 

rocket engine jets which countered when a substrate is fixed to said substrate holder. 

A chamber which built in said substrate holder and said high pressure water ejection mechanism. 

A gas supplying port connected to said chamber. 

An exhaust port connected to said chamber. 

It is the substrate cleaning device provided with the above, and a fluid is built in a cleaning tank 
in which storing and holding is possible in said chamber, and it is characterized by the ability to 
store said high pressure water ejection mechanism and said substrate holder to the cleaning 
tank. 

[Claim 15]The substrate cleaning device according to claim 13 to 14, wherein a high-frequency 
oscillator which can impress high frequency (300 kHz thru/or 3 MHz) to the jet direction mostly 
is built in high pressure water in which said high pressure water ejection mechanism blows off 
from it. 

[Claim 16]A process of laying a semiconductor substrate in a substrate holder part of a 
substrate cleaning device, a process of storing said substrate holder to a cleaning tank in said 
substrate cleaning device, A cleaning method of a semiconductor substrate including a process 
which fills up said substrate cleaning tank with a penetrant remover, and makes said 
semiconductor substrate dip into a penetrant remover, and a process of spouting high pressure 
water on the whole surface of said semiconductor substrate all over said cleaning tank. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention is a thing about the washing station of a substrate, and the 
cleaning method of a semiconductor substrate, A washing station and a cleaning method for the 
same of the semiconductor substrate of single wafer processing which can fully remove minute 
particle especially, It is related with the new cleaning method (KYABI jet compound pen cleaning 
method: following "Cavipen cleaning method") which combined the conventional contact washing 
(Pen) which washes simultaneously the flat-surface part and hollowed part of a washing subject 
especially, and non-contact washing (CJ). 
[0002] 

[Description of the Prior Art]The particle adhering to the surface of the semiconductor 
substrate used for manufacture of a semiconductor device becomes the cause that a very 
minute thing is also poor, and the process control which enables thorough removal is called for 
as the working dimension of a semiconductor device becomes a detailed thing of a submicron 
unit. Impurities, such as metal which adhered to the surface similarly, become the cause that the 
electrical property of the thing of ultralow volume is also poor, and the removal similarly put into 
practice is called for. 

[0003]For this reason, the method of obtaining the surface where cleanliness is dramatically high 
by washing with the high pressure pure water which impressed the ultrasonic wave of the 
megahertz belt as a method of removing surface particle effectively in recent years is developed, 
and the device development using such a method is also progressing. 

[0004]The washing station of single wafer processing is known as a device using such a method, 
however, the various washing nozzles (for example, a water Jet nozzle.) with which these sheet 
washing stations are equipped In washing using a cavitation jet nozzle, a water jet nozzle with 
megasonic one, etc., when 1 high pressure water is injected and irradiated by the semiconductor 
substrate surface and 2 high frequency (megasonic) is impressed, there is a problem where the 
mist of a steam soars into the gaseous phase. It reverse-sticks to this mist in the spin drying 
process after washing of a semiconductor substrate, and it may remain as a watermark on a 
substrate, or it adheres to the garbage in the gaseous phase further, and it may reverse-stick to 
it as particle on a substrate. In the case of a water jet nozzle with megasonic one, with the high 
pressure water described here A number Kgf/cm grade, In the case of a water jet nozzle and a 
cavitation jet nozzle, it has a pressure about several 10 Kgf/cm^ thru/or several 100 Kgf/cm^. 
[0005]Then, the semiconductor substrate washing station of the method which establishes and 
carries out forced exhaust of the exhaust port to a semiconductor substrate peripheral part as a 
measure which prevents generating of such mist is known. 

[0006] Drawing 34 is used for below and the outline of the conventional semiconductor substrate 
washing station is explained. 

[0007] Drawing 34 is outline sketch drawing of an important section when a semiconductor 
substrate is laid in the semiconductor substrate washing station of the conventional single wafer 
processing. Among the figure, the upper and lower sides are sealed, one is a chamber of the 
semiconductor substrate washing station formed almost cylindrical, penetrates the center of 
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pars-basilaris-ossis-occipitalis ****, and with the chamber 1 bottom, the substrate holder 2 of 
shaft shape is laid so that rotation sliding is [ being airtightly and ] possible. The substrate holder 
2 is connected to the rolling mechanism which is not illustrated by the end of the chamber 1 
exterior. 

It is pivotable at high speed. 

The substrate fixed jig 6 is connected to the other end inside [ chamber 1 ] the substrate holder 
2. The semiconductor substrate 20 is fixed to the substrate fixed jig 6 almost horizontally, and 
the semiconductor substrate 20 is pivotable by rotation of the substrate holder 2. It estranges in 
the upper part of semiconductor substrate 20 surface slightly, and in the high pressure water jet, 
the tip 4A of the nozzle 4 of a high pressure water jet is laid in it so that jet is possible. Support 
fixing of this nozzle 4 is carried out by the nozzle frame 5 in the neighborhood of tip 4A. 
[0008]On the other hand, where airtightness is held near the upper surface periphery of the 
chamber 1, the nozzle support arm 3 of shaft shape penetrates the chamber upper surface, and 
is laid so that sliding is possible, the rolling mechanism which is not illustrated in the chamber 1 
exterior is connected to the upper bed, and rotation sliding in the definite angle range is possible. 
The above-mentioned nozzle frame 5 is being fixed to the end which the lower part of the nozzle 
support arm 3 was formed in the shape of an L character toward the direction of the chamber 
central part within the chamber 1, and was formed in the shape of [ the ] an L character. 
[0009]By carrying out definite angle rotation of the nozzle support arm 3 by taking such 
composition, The nozzle frame 5 can be scanned to the whole diametral direction of the 
semiconductor substrate 20, and it becomes possible to make the whole surface of the 
semiconductor substrate 20 approach with the nozzle tip 4A by rotating the substrate holder 2 
further. 

[0010]The nozzle 4 serves as the feed pipe of high pressure water, is formed with a pipe with 
flexible thin stainless steel tube thru/or Teflon tube, etc., has a length margin which can 
sufficiently follow in footsteps in rotation of the nozzle support arm 3, and where airtightness is 
held to the chamber 1 exterior, it is drawn from the upper part of the chamber 1 . The end of the 
chamber 1 exterior is connected to the high-pressure-water feed zone which is not illustrated, 
and supply of high pressure water is enabled continuously. 

[001 1]the chamber 1 top ** — the gas supplying port 10 is mostly formed in the center, and 
inactive gas, such as nitrogen, can be supplied. On the other hand, the exhaust port 1 1 
connected to the exhaust which the exterior does not illustrate is formed below the placing part 
of the semiconductor substrate 20 of the chamber 1 , and the inactive gas supplied from the 
above-mentioned gas supplying port 10 can be exhausted. By taking such composition, and 
passing inactive gas, when blowing off and washing high pressure water on the semiconductor 
substrate 20 surface, the mist generated from high pressure water with inactive gas can be 
efficiently led to the exhaust port 1 1 , and high pressure water can also be drained effectively. 
[0012]Next, how to wash a semiconductor substrate surface using this device is explained. 
[0013]The nozzle tip 4A is approached and the semiconductor substrate 20 is laid in the above- 
mentioned device ( drawing 34 ). 

[0014]Next, the substrate holder 2 and the nozzle support arm 3 are rotated at an angle of a 
request, respectively, nitrogen gas is supplied from the gas supplying port 10, and the 
semiconductor substrate 20 surface is washed by making a gas stream in the chamber 1 and 
making high pressure water blow off from the nozzle tip 4A by exhausting from the exhaust port 
11. 

[0015]Here, by impressing about 1.6-MHz high frequency to high pressure water, high frequency 
spreads on the semiconductor substrate 20 surface at the time of jet of high pressure water, 
and vibrational excitation of the detailed dust which adhered to the semiconductor substrate 20 
surface according to the frequency is carried out, it comes floating, and is removed by high 
pressure water. Thereby, the semiconductor substrate 20 pure surface is obtained. Although a 
lot of mist occurs in the chamber 1 at this time, since the above-mentioned gas stream is 
formed in the chamber 1 , the generated mist is discharged by the exhaust port 1 1 with a gas 
stream. 

[0016]Then, supply of high pressure water can be stopped and the semiconductor substrate 20 
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can be dried by spin drying by performing only rotation of the substrate holder 2. 
[0017]Below, the conventional cleaning method is described. The cleaning method carried out to 
a device process by the Chemical Mechanical Polishing (CMP) device which came to be used 
abundantly for the planarizing process after 64MDRAMs, Based on the concept (a semiconductor 
substrate is carried in in a CMP device by a dry state, and it takes out from a CMP device by a 
dry state after a flat chemically-modified degree and the end of a washing process) of Dry 
in/out. it comprises a flattening (polish) process and a washing process. 

[0018]In the flat chemically-modified [ of the wafer which is a key objective of CMP ] degree, 
the abrasive grain child and chemicals which are called slurry are used, and, as for the abrasive 
grain child, alumina (aluminum203), silica (SiOgX Seria (CeOg). etc. are used. As a film which is 

the target of CMP, there are an oxide film, a polysilicon film, tungsten (W), aluminum (aluminum), 
copper (Cu), etc. It is a key objective that a washing process removes the abrasive grain child 
who used to the flat chemically-modified [ the ] degree. 

[0019]This artificer also examined the method of CMP mailbox cleaning of removing effectively 
the abrasive grain child who remained to the wafer surface after CMP. With the CMP mailbox 
cleaning described on these specifications. Washing which will be performed by the time a flat 
chemically-modified degree is completed and carries out spin-dry desiccation of the damp wafer 
is pointed out. Specifically, there are roll sponge washing (R/S), pencil sponge washing (Pen), 
ultrasonic cleaning (MJ), cavitation jet washing (Cavitation jetiC J), etc. Three-step washing 
which performs continuously two-step washing which performs R/S washing and Pen washing 
continuously as the present CMP mailbox cleaning method. R/S washing and Pen washing, and 
MJ washing is in use. 
[0020] 

[Problem(s) to be Solved by the Invention] First, the problem of the above-mentioned 
conventional semiconductor substrate washing station is described. That is, although the high 
pressure water which blew off from the (1) nozzle tip 4A generates a lot of mist on the 
semiconductor substrate 20 surface and the most is discharged from the exhaust port 1 1, many 
also float in the chamber 1 and those floating mist adheres to the semiconductor substrate 20 
surface again. If dust in the gaseous phase may be adsorbed and contained in those mist and the 
moisture of mist evaporates after adhesion, dust will remain and adhere to the semiconductor 
substrate 20 surface, and removal will become difficult. Even when the mist in which dust is not 
contained sticks to the semiconductor substrate 20 surface and moisture evaporates, the trace 
of mist may remain as what is called a watermark. 

[0021 ](2) Since a part of mist is floating in a chamber as mentioned above, it adheres to a 
chamber wall in many cases. Although this wall is usually products made of resin, such as vinyl 
chloride. When the penetrant remover containing acid and alkali is used for washing of a 
semiconductor substrate, alkali (for example, aqueous ammonia solution) reacts to acid (for 
example, chloride) with a chamber wall, salts, such as ammonium chloride, are formed, and there 
is a possibility of adhering to a wall surface and becoming a source of particle. Although these 
penetrant removers have a detergency more powerful than pure water, these cannot be used 
because of the above-mentioned problem. 

[0022]A method lays a guard ring type cup. for example in the peripheral end of the :a 
semiconductor substrate 20, and keep the generating mist from a semiconductor substrate 
peripheral end especially with much mist generating from soaring as a method of solving the 
above-mentioned problem at. 

b) An isomorphism-like disk is mostly prepared with the semiconductor substrate on a 
semiconductor substrate, a drug solution is put in from the center of the disk, and the method of 
suppressing mist generating, etc. are proposed by filling between a disk and a wafer with a drug 
solution, and washing it. However, in the above-mentioned a, although the mist from the 
circumference of a wafer can be prevented, to the mist generated on a wafer, it is completely 
ineffective. Although the generating of mist itself can be controlled in b, there are problems — 
the original effect as a water jet of impressing an ultrasonic wave is not acquired. 
[0023] Below, the problem about the conventional cleaning method is described. Drawing 35 
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shows signs that an abrasive grain child remains to the ground wafer surface, after the flat 
chemically-modified degree of CMP. The portion to which drawing 35 (A) remains in a crevice 
among the abrasive grain child to whom, as for DESSHINGU and drawing 35 (B), a scratch and 
drawing 35 (C) are a doubling marker s sections, and 61 remains, and the film by which 62 was 
formed on the wafer surface, and 63 are wafers. In the ground wafer surface, hollows, such as 
above-mentioned DESSHINGU and a scratch, produce depending on the shape of a pattern, and 
CMP conditions, and an abrasive grain child caves in there. There are problems, such as getting 
an abrasive grain child blocked with W-CMP in the hollow of the alignment mark ( drawing 35 (C)) 
used for P photolithography process as an example of remarkable hollows other than these, and 
it is necessary to remove such particles remainings. 

[0024]There are what removes particles by physical power, and a thing which removes particles 
by chemical power in the method of removing these particles remainings, and there are what is 
depended on contact, and a thing to depend on non-contact in the method of removing particles 
by physical power. 

[0025]Since direct contact cannot be carried out to the abrasive grain child cavedHn in contact 
washing (for example, two-step washing of R/S+Pen) in the hollow in the method of removing 
particles by physical power, it is dramatically difficult to remove above DESSHINGU, a scratch, 
and the abrasive grain child that remains inside an alignment mark. 

[0026]Although examination which removes particles by performing physical washing of 
noncontact types, such as MJ and CJ, is made. There is a problem of changing with the 
dissolved gas concentration of the ultrapure water which the relation between hard conditions, 
such as frequency of an ultrasonic wave and an output, and a particle extraction ratio uses for 
washing in MJ washing, and it is not a master of MJ washing. On the other hand, in CJ washing, 
liquid washing mist occurs by blow off of high pressure water and the vertical exposure to a 
wafer, and there are problems, such as causing reverse contamination of a watermark at the 
time of desiccation. 

[0027]In the meaning called removal of the particles by which the cleaning capacity evaluation 
using the particles which adsorbed on the wafer of the flat surface where no hollow is generally 
in noncontact physical cleaning evaluation, such as MJ and CJ, is main, and was standardized, 
and which become depressed (crevice) and exist in inside, examination is hardly made. 
[0028]This invention provides the CMP mailbox cleaning method which has an advantage of both 
the conventional contact washing (Pen) and non-contact washing (CJ) and which develops a 
new cleaning method (a KYABI jet compound pen cleaning method, henceforth, "Cavipen 
cleaning method"), and can wash a flat-surface part and a hollowed part simultaneously. 
[0029] 

[Means for Solving the Problem]In order to solve the above-mentioned technical problem, a 
cleaning method of a semiconductor substrate concerning this invention is provided with the 
following. 

A process of laying a semiconductor substrate in a substrate holder part of a semiconductor 
substrate washing station. 

A process which rotates said semiconductor substrate. 

A process of impressing high frequency blowing off high pressure wash water towards said 
revolving cleaning surface of a semiconductor substrate. 

[0030]In a described method, as for said high frequency impressed, it is desirable to include at 
least 400-kHz high frequency, and it is also desirable to have a frequency component which 
continues in a frequency band of 800 kHz or less. By constituting in this way, also when adhering 
particle diameter is various, it becomes possible to eliminate these particles effectively. 
[0031]In a described method, said high pressure wash water. It shall blow off from a penetrant 
remover nozzle provided movable on said semiconductor substrate towards said cleaning 
surface, and an inside diameter of said penetrant remover nozzle shall be 0.3 mm or more, and, 
as for an interval (high-pressure-water blow-off position) from said cleaning surface to said 
penetrant remover nozzle tip, it is desirable to be referred to as not less than 7 mm. As for the 
number of substrate rotations, it is desirable revolving speed of not less than 10 rpm and to 
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consider it as revolving speed of not less than 1 000 rpm preferably. As for a pressure impressed 
to said high pressure wash water, it is desirable to use more than 30 kgf/cm'^. By constituting in 
this way. a cavity for generating high frequency is formed efficiently, and a cleaning effect can be 
heightened. 

[0032]High frequency which has said continuous frequency component may be generated by one 
high frequency generator which consists of pencil sponge which has a centrum connected with 
an open end and this open end, and washing nozzles provided so that a nozzle tip might project 
in this centrum. Even if it does not form two or more high frequency generators by doing in this 
way, it becomes possible to impress simultaneously high frequency which has various frequency 
components to a cleaning surface. 

[OOSSjln said cleaning method, it is desirable to choose the pH of a penetrant remover so that 
potential of said cleaning surface and F-potential (electric potential which exists so that an 
interface of a solid and a fluid may be crossed: electrokinetic potential) of particles adhering to 
this cleaning surface may turn into potential of the same kind. It not only may choose the pH of 
a penetrant remover, but it may control such F~potential using a surface-active agent (a cation 
system, an anionic system). By constituting in this way, it becomes possible to be able to 
prevent making particles estrange from a cleaning surface, or carrying out the reattachment 
according to repulsive force by a F-potential difference of particles adhering to said cleaning 
surface and this cleaning surface, and to heighten a cleaning effect as a result. 
[0034]In order to solve the above-mentioned technical problem, in a substrate cleaning device 
concerning this invention. A substrate holder which should fix a substrate, and a high pressure 
water ejection mechanism in which it has the rocket engine jets which countered with the 1 
surface of the substrate when a substrate was fixed to said substrate holder, It is a substrate 
cleaning device which has a chamber which built in said substrate holder and said high pressure 
water ejection mechanism, a gas supplying port connected to said chamber, and the exhaust port 
connected to said chamber, and is characterized by said high pressure water ejection mechanism 
consisting of a high pressure water ejection part and a high-pressure-water scatter prevention 
part. 

[0035]Here, as for said gas supplying port, serving as an exhaust port is desirable. 
[0036]Said high pressure water ejection part is a high-pressure-water supply nozzle tip, and it is 
desirable for said high-pressure-water scatter prevention part to be the cover formed in said 
circumference of a high-pressure-water supply nozzle. 

[0037]It is desirable that it is hollow cylinder type sponge which said cover is formed in contact 
with said high-pressure-water supply nozzle tip, and has a cave in said high-pressure-water 
supply nozzle tip lower part. 

[0038]A substrate holder which should fix a substrate in a substrate cleaning device concerning 
this invention, A high pressure water ejection mechanism in which it has the rocket engine jets 
which countered with the 1 surface of the substrate when a substrate was fixed to said 
substrate holder, It has further a rinsing water feed pipe which is a substrate cleaning device 
which has a chamber which built in said substrate holder and said high pressure water ejection 
mechanism, a gas supplying port connected to said chamber, and the exhaust port connected to 
said chamber, and supplies rinsing water to the other surfaces of said substrate. 
[0039]A substrate holder which should fix a substrate in a substrate cleaning device concerning 
this invention, A high pressure water ejection mechanism in which it has the rocket engine jets 
which countered with the 1 surface of the substrate when a substrate was fixed to said 
substrate holder, A chamber which built in said substrate holder and said high pressure water 
ejection mechanism, It is a substrate cleaning device which has a gas supplying port connected 
to said chamber, and the exhaust port connected to said chamber, A fluid is built in a cleaning 
tank in which storing and holding is possible in said chamber, and it is characterized by the ability 
to store said high pressure water ejection mechanism and said substrate holder to the cleaning 
tank. 

[0040]As for said high pressure water ejection mechanism, it is desirable to build a high- 
frequency oscillator which can impress high frequency (300 kHz thru/or 3 MHz) to the jet 
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direction mostly in high pressure water which blows off from it at each aforementioned substrate 
cleaning device. 

[0041 ]In a cleaning method of a semiconductor substrate concerning this invention. A process of 
laying a semiconductor substrate in a substrate holder part of a substrate cleaning device, a 
process of storing said substrate holder to a cleaning tank in said substrate cleaning device, A 
process which fills up said substrate cleaning tank with a penetrant remover, and makes said 
semiconductor substrate dip into a penetrant remover, and a process of spouting high pressure 
water on the whole surface of said semiconductor substrate all over said cleaning tank are 
included. 
[0042] 

[Embodiment of the Invention]A drawing is used for below and an embodiment of the invention (it 
is written as an embodiment below) is described to it in detail. 

[0043](A first embodiment) With reference to drawing 1 , the semiconductor substrate washing 
station concerning a first embodiment of this invention is explained in detail below. 
[0044] Drawing 1 is outline sketch drawing of an important section when a semiconductor 
substrate is laid in the semiconductor substrate washing station of single wafer processing 
concerning a first embodiment of this invention. Among the figure, the upper and lower sides are 
sealed, one is a chamber of the semiconductor substrate washing station made from vinyl 
chloride formed almost cylindrical, penetrates the center of pars-basilaris-ossis-occipitalis 
and with the chamber 1 bottom, the substrate holder 2 made from vinyl chloride of shaft shape is 
laid so that rotation sliding is [ being airtightly and ] possible. It is connected to the rolling 
mechanism which is not illustrated by the end of the chamber 1 exterior, and the substrate 
holder 2 is pivotable at high speed. The substrate fixed jig 6 formed removable in the 
semiconductor substrate by the operation from the substrate holder 2 lower part is connected 
to the other end inside [ chamber 1 ] the substrate holder 2. The semiconductor substrate 20 
turns the surface (device forming face) up, it is fixed to the substrate fixed jig 6 almost 
horizontally, and the semiconductor substrate 20 is pivotable by rotation of the substrate holder 
2. 

[0045]By carrying in from the load lock chamber which was connected to the chamber 1 side 
and which is not illustrated, without breaking the atmosphere in the chamber 1, carrying-in 
installation is possible for this semiconductor substrate 20, and it can be taken out. 
[0046]It estranges slightly in the upper part from the semiconductor substrate 20 surface, and 
the tip 4A of the nozzle 4 of the high pressure water jet formed by the tube which consists of a 
thin stainless steel tube, a Teflon tube, or silicon nitride is laid so that jet of a high pressure 
water jet is possible. Support fixing of this nozzle 4 is carried out in the neighborhood of tip 4A 
by the nozzle frame 5 made from vinyl chloride. The umbrella type cover 5A of conical shape is 
attached to the lower side periphery of this nozzle frame 5 by the product made from Teflon so 
that the nozzle 4 projected from the lower center section may be covered, and scattering of the 
mist generated with the high pressure water which blew off from the nozzle 4 can be prevented 
now. 

[0047]On the other hand, where airtightness is held near the upper surface periphery of the 
chamber 1, the nozzle support arm 3 of the shaft shape which acted as salt Vicor Tyng 
penetrates the chamber upper surface, and is laid so that sliding is possible. The rolling 
mechanism which is not illustrated in the chamber 1 exterior is connected to the upper bed, and 
rotation sliding in the definite angle range is possible. The above-mentioned nozzle frame 5 is 
being fixed to the end which the lower part of the nozzle support arm 3 was formed in the shape 
of an L character toward the direction of the chamber central part within the chamber 1, and 
was formed in the shape of [ the ] an L character. 

[0048]By fixing the nozzle frame 5 to the nozzle support arm 3 stably, and carrying out definite 
angle rotation of the nozzle support arm 3 by taking such composition, The nozzle frame 5 can 
be scanned to the whole diametral direction of the semiconductor substrate 20, and it becomes 
possible to make the whole surface of the semiconductor substrate 20 approach with the nozzle 
tip 4A by rotating the substrate holder 2 further. 

[0049]The nozzle 4 formed with pipes, such as a tube which consists of a thin stainless steel 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 2008/09/03 



JP,2000-188273.A [DETAILED DESCRIPTION] 



7/20 ^— V 



tube, a Teflon tube, or silicon nitride, serves as the feed pipe of high pressure water, It has a 
length margin which can sufficiently follow in footsteps in rotation of the nozzle support arm 3, 
and where airtightness is held to the chamber 1 exterior, it is drawn from the chamber 1 upper 
part. The end of the chamber 1 exterior is connected to the high-pressure-water feed zone 
which is not illustrated, and supply of high pressure water is enabled continuously. 
[0050]the chamber 1 top ** — the gas supplying port 10 is mostly formed in the center, and 
inactive gas, such as nitrogen, can be supplied. On the other hand, the exhaust port 1 1 
connected to the exhaust which was laid outside, and which is not illustrated is formed below the 
placing part of the semiconductor substrate 20 of the chamber 1 , and the inactive gas supplied 
from the above-mentioned gas supplying port 10 can be exhausted. By taking such composition, 
and passing inactive gas, when blowing off and washing high pressure water on the 
semiconductor substrate 20 surface, the mist generated from high pressure water with inactive 
gas can be efficiently led to the exhaust port 1 1 , and high pressure water can also be drained 
effectively. 

[0051]Next, how to wash a semiconductor substrate surface using this device is explained. The 
semiconductor substrate 20 is introduced and laid in the position close to the nozzle tip 4A of 
the above-mentioned device from the load lock chamber which is not illustrated ( drawing 1 ). 
Next, the substrate holder 2 at for example, the number of rotations of 100 thru/or 1000 rpm. 
The nozzle support arm 3 is moved with the sliding speed of 10 thru/or about 50 mm/sec, About 
10 sIm of nitrogen gas are supplied from the gas supplying port 10, from the exhaust port 1 1, by 
exhausting, a gas stream is made and the semiconductor substrate 20 surface is further washed 
for high pressure water 1 thru/or by making about 10 seem blow off from the nozzle tip 4A. 
[0052]Here, by impressing about 1.6-MHz high frequency to high pressure water, high frequency 
spreads on the semiconductor substrate 20 surface at the time of jet of high pressure water, 
and vibrational excitation of the detailed dust which adhered to the semiconductor substrate 20 
surface according to the frequency is carried out, it comes floating, and is removed by high 
pressure water. Thereby, the semiconductor substrate 20 pure surface is obtained. 
[0053]By the way, at the time of this high pressure water ejection, high pressure water serves as 
a jet stream, and blows off from the nozzle tip 4A, it is glared and reflected by the 
semiconductor substrate 20, and a lot of steam mist occurs. 

[0054]According to this embodiment, this steam mist collides with the hydrophobic surface of 
the Teflon of the umbrella type cover 5A inside, loses energy, forms waterdrop as it is, and falls 
to the semiconductor substrate 20 surface. Therefore, it does not adhere to the semiconductor 
substrate 20 surface in the state of steam mist. 

[0055]Expansion sketch drawing near the umbrella type cover 5A is shown in drawing 2 . Here, A 
shows the distance from the lower end part of the umbrella type cover 5A to the semiconductor 
substrate 20 surface, B shows the opening length of an umbrella type cover 5A lower end part, 
and C shows the distance from the nozzle tip 4A to the semiconductor substrate 20 surface, 
respectively. 

[0056] Distance A from the lower end of the umbrella type cover 5A to the semiconductor 
substrate 20 surface is made into a center-to-face dimension at drawing 3 , A relation when the 
pressure (primary high-pressure-water pressure) of the high pressure water at the time of 
semiconductor substrate cleaning when the center-to-face dimension is 5 mm and 1 mm is 
taken along a horizontal axis and the number of adhesion dust on the 8-inch semiconductor 
substrate after washing and desiccation (per wafer the number of particle) is taken along a 
vertical axis is shown. Here, the opening length B of the umbrella type cover 5A lower end part 
set 100 mm and distance 0 from the nozzle tip 4A to the semiconductor substrate 20 surface to 
10 mm. 

[0057]From drawing 3 , when a center-to-face dimension is set as 1 mm, even if it is high 

pressure water about 100 kgf/cm^, the number of particle (based on reverse adsorption of mist) 
is low stopped with about five or less pieces per wafer, but. When a center— to— face dimension 

was 5 mm, it turned out that the high pressure water about 50 kgf/cm^ also increases in number 
as compared with the case where the number of particle sets about ten pieces and a center-to- 
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face dimension as 1 mm per wafer. 

[0058]Next. the opening length B of an umbrella type cover 5A lower end part (nozzle width B) is 
changed to drawing 4 f rom 20 mm to 1 00 mm. The relation of the number of particle was shown 
per wafer after washing / desiccation when the pressure of the high pressure water with which 

the semiconductor substrate 20 is irradiated is made into 50 kgf/cm and 100 kgf/cm . Here, 
center-to-face dimension A is 1 mm. There was a difference with the pressure of high pressure 
water so that clearly from this figure, but although the number of particle was stabilized per 
wafer and it was small when it was not less than 80 mm in nozzle width, when it became the 
nozzle width of 40 mm or less, it turned out per wafer that the number of particle increases 
dramatically. 

[0059]Next, it explains using a drawing per modification of the semiconductor substrate washing 
station which requires this embodiment. 

[0060] Drawing 5 is section outline sketch drawing of the modification of this embodiment. Here, 
identical codes are given to the first above-mentioned embodiment and identical parts, and 
explanation is omitted. 

[0061]In this modification, it changes into the umbrella type cover 5A of a first above-mentioned 
embodiment, and the sponge fixed jig 5B made from Teflon is attached to the nozzle frame lower 
end. And the product made from Teflon formed in doughnut form so that the circumference of 
the nozzle tip 4A might be surrounded, or the pencil sponge 5C made of polyvinyl system resin is 
being fixed to the inside of sponge fixed jig 5B so that the bottom may touch the semiconductor 
substrate 20 surface. 

[0062]If substrate washing is performed using the device by the above-mentioned modification, it 
is still rarer by washing contacting the pencil sponge 5C on the semiconductor substrate 20 
surface for mist to disperse in the exterior of the sponge fixed jig 5B. 

[0063]In order to contact the pencil sponge 5C on the semiconductor substrate 20 surface, The 
interval of the sponge fixed jig 5B and the semiconductor substrate 20 is permitted until just 
before the sponge fixed jig 5B contacts the semiconductor substrate 20 from the position to 
which the pencil sponge 5C contacts the semiconductor substrate 20 surface, and it is wide. [ of 
tolerance level ] 

[0064]The pencil sponge 5C may be formed in cylindrical here, as shown in the sectional view of 
the important section of the nozzle tip part shown in drawing 22 . The numerals same about the 
same portion as drawing 5 here are attached, and explanation is omitted. Even if the 
semiconductor substrate 20 surface and a close area which are and contacts by carrying out 
increase in the pencil sponge 5C and some openings produce between a pencil sponge 5C tip 
and the semiconductor substrate 20 surface by taking such a gestalt, it is still rarer for mist to 
disperse in the exterior of the sponge fixed jig 5B. 

[0065]By considering it as such shape, a possibility that mist will disperse in the exterior of the 
sponge fixed jig 5B can be lessened further. 

[0066]The construction material of the pencil sponge 5C is not restricted to polyvinyl system 
resin. 

[0067](A second embodiment) Next a second embodiment of this invention is started, for 
example, the cleaning method using the above-mentioned pencil sponge 5C is explained in detail. 

[0068]The experiment which compares the cleaning method according the Cavipen cleaning 
method concerning this invention to the conventional Pen. the cleaning method by CJ. and the 
cleaning method by MJ, and the experiment which investigates the various parameters which 
affect a Cavipen cleaning method were conducted in the following ways. 

[0069] 1) As an experimental device washing experimental device, the R/S module was in every 
one set each with each module of two sets. Pen (Cavipen common use), MJ, and CJ. Each 
module is the same structure as a substrate cleaning device as fundamentally shown in drawing 
34 , and the structures of a nozzle differ according to the kind of cleaning method. 
[0070]The outline sectional view of each nozzle of Pen, CJ, Cavipen, and MJ used for these 
modules is shown in drawing 6 (A) thru/or (D), respectively. In drawing 6 , a nozzle jig and 13 12 
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The pencil sponge made from pillar-shaped PVA, As for the pencil sponge made from PVA for 
which 14 has a low-pressure-water nozzle. 15 has a high-pressure-water nozzle, and 5C has a 
centrum, and 16. the vibrator for high frequency generation and 18 are the nozzle tip parts made 
from Teflon the centrum of this pencil sponge, and 1 7. 

[0071 ]In Pen, contact washing is performed by scanning a cleaning surface top. rotating the 
pencil sponge 13. 

[0072]In CJ, high pressure water (10-110 kgf/cm^) is supplied to the high-pressure-water 
nozzle 15, and to the low-pressure-water nozzle 14, low pressure water (1-2 kgf/cm^) is 
supplied simultaneously, and is ejected towards a cleaning surface. Many cavities (Cavity: cave) 
are formed by the interface of the high pressure water and low pressure water which were 
ejected. In Cavipen, the pencil sponge 5C is used for the sponge made from PVA used for Pen 
for the sponge which has the centrum 1 6 5-8 mm in inside diameter. Only the nozzle 4 which 
takes out high pressure water into it (high pressure water) is attached. A cavity occurs because 
high pressure water blows off in the drug solution which collects in the centrum 16 of the pencil 
sponge 50. 

[0073]A nozzle diameter (D= 0.3, 0.4 mm) and the height (L= 3, 5 and 7, 9 or 11 mm) from a 
wafer are among the high-pressure-water nozzles 15 and the nozzles 4 which blow off high 
pressure water as a parameter. 

[0074]In MJ, the frequency of 200 kHz. 400 kHz, 700 kHz, 1 MHz. and 1.5 MHz were used. 
[0075]2) Sample : the wafer (semiconductor substrate) was used for the reference (standard for 
comparison) by using an 8-inch bear Si wafer as a flat-surface wafer. What formed the slot on 
the last shipment in an 8-inch Si wafer by RIE was used for this wafer (henceforth "a concave 
shape wafer"). The minimum last shipment of the trench depth is 1 micrometer/3 micrometer in 
5000 A. TECS, Poly-Si. and an SiN film were formed by a thickness of 200-2000 A by LP gas- 
CVD to the concave shape Si wafer, respectively. 

[0076]About particles, the particles used for cleaning evaluation used the thing which made 
ultrapure water agitate high purity alumina (mean particle diameter of 0.7 micron: made by an 
ADOMA textile company) as standard particle liquid. 

[0077]3) the cleaning evaluation procedure evaluation system used AIT-8000 (all — the product 
made by KLA-Tencor) for SP1 or SFS6200, and a concave shape wafer as a particle counter to 
the raise in basic wages Si wafer, respectively. The amount of particle (Defect) of the initial of 
each wafer was measured with the defect inspection device. Then, in order to make particles 
apply on a wafer, it holds, rotating a wafer at 100 rpm with a R/S module, After irradiating with 
ultrapure water from the stationary nozzle and maintaining a wafer surface at wettability, 
standard particle liquid was hung down only to an about 3-cc wafer surface, and pure water roll 
cleaning by scrubbing was performed for 20 seconds. Then, when drying a wafer, spin drying was 
carried out by MJ module. This is called a dry sample. On the other hand, when cleaning 
evaluation of particles which is sticking to a wafer by the wet state was performed without 
drying a wafer, as it was, each washing module was made to convey a wafer and cleaning 
evaluation was performed. This is called a wet sample. The dry sample performed the adsorption 
initial value of standard particles by SP1, SFS6200, and AIT, and performed cleaning evaluation 
by each washing module after measurement. The dry sample and the wet sample measured the 
last particle remains value by SP1. SFS6200, and AIT after washing by each module. The drug 
solution used for cleaning evaluation was used as the diluted ammonia water of a room 
temperature, and set the hydrogen-ion density (pH) to 10 as main cleaning conditions. pH 7-10 
were chosen as the range in the experiment which investigates a dilution effect (pH 
dependence). 

[0078]4) MJ (1.5 MHz) was performed for frequency characteristic evaluation of the cavity 
generated with the frequency characteristic valuation method Cavipen as a reference. A hole 5 
mm in diameter was made in the disk made from SUS of the same path as a wafer, a sound 
pressure sensor (made by TOYO) 5 mm in diameter was inserted from the disk rear-face side, 
and the disk surface and a sensor surface were coincided. MJ and Cavipen were installed in right 
above [ this / sensor ], and it glared on the sensor, without making a nozzle rock in a cleaning 
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condition. Frequency characteristic analysis was conducted in the digital analyzer. 
[0079][Experimental result] MJ particle cleaning evaluation result which serves as a standard of 
evaluation at the beginning is shown. (Frequency dependence evaluation : wholly dry sample) 
Drawing 7 shows the cleaning effect (extraction ratio: %) at the time of impressing different 
frequency in a bear Si wafer. The cleaning condition was made into the wafer number of 
rotations of 100 rpm, the nozzle scanning speed of 5 mm/sec, the three number of times of a 
scan, and 40 to 45 nozzle irradiation angles. Generally, if the cleaning effect of particles makes 
the output of an ultrasonic wave increase, in order to improve and to perform the comparative 
examination of only frequency simply, the output of each frequency used for this removal 
evaluation set amplitude voltage of each frequency peaks to 270 mV. and set only 1 .5 MHz to 
370 mV. As a result, in the whole particle having contained the floe up to about 0.2-10 microns, 
it turned out that that cleaning effect has frequency dependence, and it turned out that the 
frequency of hundreds of kHz order which is 200-700 kHz shows a high cleaning effect 
compared with MHz especially. 

[0080]The washing time dependency in 200,400,500,700 kHz in the same irradiated part at the 
time of fixing a nozzle to the wafer center position in a bear Si wafer (circle 40 mm in diameter) 
was shown in drawing 8 (circle (the number of particles remainings / 40mm after washing)). If 
each frequency of irradiation time increases, a cleaning effect will go up (the number of remains 
alumina particles decreases). 

[0081] However, when frequency which is different by exposure for [ same ] 20 seconds was 
impressed and washed and each backwashing rate was measured, it became clear that a 400- 
700-kHz frequency band was also notably quick. 

[0082]Next, change of the cleaning effect of the alumina particle at the time of changing the 
applied frequency by M J as what shows the standard of the cleaning effect about a concave 
shape wafer about the sample which formed the SiN film on the above concave shape wafers as 
a surface film was examined. The relation between the applied frequency by this test result and 
an extraction ratio is shown in drawing 9 . As a result of investigating the particle remaining state 
before and behind washing using AIT-8000, it turned out that this concave shape wafer also has 
a cleaning effect with highest about 400 kHz. 

[0083]Generally the particle removal mechanism using an ultrasonic wave is said for the 
acceleration energy of an ultrasonic wave, rectilinear-propagation style energy, and the energy 
at the time of the cavernous destruction by cavity SHON to involve. It is said that the relation 
between the frequency of an ultrasonic wave and the grain size which can be washed is not clear 
as mentioned above, but it is a relation of the reverse proportion of frequency to the standard 
said that a particle with a size of about 3 microns or more is removable at 28 kHz experientially. 
That is, removal ability possible grain size is removal ability possible grain-size (micron) 

=3x28x10 ^(Hz) / using frequency (f). 

It is expressed with the expression of relations to say. According to this formula, removal of size 
particle of about 0.08 microns or more is attained by the size of about 0.16 microns or more, and 
1 MHz at 500 kHz. Therefore, it seemed that it has the cleaning capacity in which the MHz band 
is more expensive than a kHz band with all the grain size when mean particle diameter which was 
used this time washes the spherical particle which is a 0.7-micron (a minimum of 0.1- a 
maximum of 3 microns) grade. However, the result of having had cleaning capacity with a 
hundreds of kHz high ultrasonic wave actually was brought as I understood from the above- 
mentioned test result. 

[0084]In order to remove such an alumina particle from the above-mentioned experimental 
result, it turns out that washing by the cavity which is easy to produce in the low frequency side 
in liquid is effective. That is, acceleration and rectilinear-propagation style energy can say that it 
is difficult to remove after CMP the particles which are sticking to a wafer surface only by 
physical power in MHz band washing used as a key factor. In order to give a cleaning effect by 
MHz band washing, the film itself to which particles are sticking is etched chemically, and a 
particle removing effect can be expected by using together with a lift-off operation. 
[0085] On the other hand, the damage to a wafer poses a problem by washing using an ultrasonic 
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wave, and it has the problem of a damage similarly with the wafer washing device of a batch 
type. With the damage to the wafer in this case, the pattern collapse Gump) of a ULSI minute 
pattern is main, and poses a serious problem also with a 0.25-micron device. This damage 
problem is a phenomenon which has become clear in connection with the minuteness making of a 
pattern, and is high. [ of a possibility that it is a problem that the particle size used as pattern 
size and the candidate for washing is the almost same size ] 

[0086]In order to solve the problem of this pattern jump, removal efficiency falls from a viewpoint 
called removal of the particles which are the original purposes, but. The trial on which the output 
of MHz is dropped even to such an extent that a pattern jump does not take place, Gases, such 
as oxygen, nitrogen, and argon, are sent into liquid washing or ultrapure water, only the cavity 
considered to participate in particle removal is generated efficiently, and the trial which weakens 
the acceleration of an ultrasonic wave and the grade of rectilinear-propagation style energy is 
made. However, since the method of removing only particle effectively is not clear without giving 
a damage to a wafer, it is difficult to use ultrasonic cleaning for CMP mailbox cleaning under the 
present circumstances. 

[0087][Cavipen cleaning method] The Cavipen cleaning method concerning this invention is 
performed about as follows. 

[0088] Drawing 10 is a schematic diagram showing an example of a device which enforces the 
Cavipen cleaning method concerning this invention, and is the same as that of the device shown 
in drawing 1 , and a profile, the same reference number is given to the same member and part, 
and those detailed explanation is omitted. 

[0089]In the device shown in drawing 10 , the semiconductor substrate 20 is introduced and laid 
in the position close to the nozzle tip 4A from the load lock chamber which is not illustrated. 
[0090]Next, the substrate holder 2 at for example, the number of rotations of 100 thru/or 1000 
rpm. The nozzle support arm 3 is moved with the sliding speed of 10 thru/or about 50 mm/sec, 
From the gas supplying port 10, supply about 10 sIm of nitrogen gas, and from the exhaust port 
1 1 , The high pressure water which made the gas stream and applied the pressure of 30 kgf/cm^ 
thru/or 110 kgf/cm^ by exhausting further, for example. The semiconductor substrate 20 surface 
is washed 1 thru/or by making about 10 seem blow off from the nozzle tip 4A which projects in 
the centrum 16 of the pencil sponge 5C. A rinse may be supplied to this surface from a rinse 
feed pipe (not shown) so that the semiconductor substrate 20 surface may be maintained at a 
wet state among these washing processes. 

[0091]Here. if the high pressure water injected from the nozzle tip 4A contacts the stillness 
water or low pressure water which collected in the centrum 1 6 in the pencil sponge 5C, many 
cavities will arise. When these cavities are crushed, high frequency occurs, high frequency 
spreads on the semiconductor substrate 20 surface, and vibrational excitation of the detailed 
dust which adhered to the semiconductor substrate 20 surface according to the frequency is 
carried out, it comes floating, and is removed by high pressure water. Thereby, the 
semiconductor substrate 20 pure surface is obtained. 

[0092][comparison of an effect with a Capven cleaning method and other cleaning methods] — 
next, the examination of [ by Cavipen washing / the particle removing effect and cleaning 
effect / the effect of other cleaning methods ] was done. The cleaning effect of chemical 
cleaning, Pen washing, and Cavipen washing was measured and compared with the examination 
using the data (henceforth "a TEGS concave shape wafer") which performed the above- 
mentioned standard particle spreading to the concave shape wafer which formed the TECS film 
as a surface film. Each was measured, when only diluted-ammonia-water washing was performed 
about chemical cleaning, Pen washing was performed simultaneously [ with diluted-ammonia- 
water washing ] about Pen washing and Cavipen washing was performed simultaneously [ with 
diluted-ammonia-water washing ] about Cavipen washing. It measured as a comparison object 
also about the TECS concave shape wafer of the reference (with no standard particle 
spreading). These data washed, where wet conveyance is carried out. 

[0093]In the TECS concave shape wafer which performed only chemical cleaning. In the TECS 
concave shape wafer which particles remaining remains all over almost and performed Pen 
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washing simultaneously with chemical cleaning. Although there was quite little particles remaining 
compared with the TEOS concave shape wafer which performed only chemical cleaning, remains 
owner particles were seen on the whole surface, and with the TEOS concave shape wafer which 
performed Cavipen washing simultaneously with chemical cleaning, it turned out that particles 
are removed, so that it was close to the almost same state as a reference. 

[0094]The above-mentioned measurement result is shown in drawing 11 . Particles are adsorbing 
to tens of thousands of orders only by carrying out chemical cleaning of what carried out the 
pure water Rolls Royce club of the standard particles so that clearly from drawing 11 . That is, an 
alumina particle is hardly unremovable only by chemical cleaning which performed diluted- 
ammonia-water rinse after wet conveyance. However, since this diluted-ammonia-water 
processing is performed by the room temperature state, etching of the oxide film by an alkali 
solution hardly takes place. If it carries out raising temperature by oxidizing film conversion to 
about 70 ** for performing SCI processing of RCA washing which can be etched about several 
angstroms, as for a few, particle removal can expect by lift off effect. 

[0095]When Cavipen washing was added to the diluted-ammonia-water rinse state, removal 
became possible to the initial defect level (state before standard particle liquid spreading) which 
has not carried out the pure water Rolls Royce club of the standard particles of a reference. 
Since this removed the particles which are sticking to the inside of the slot on the crevice since 
contact washing by Pen washing and non-contact washing by a cavity are simultaneously 
performed in Cavipen washing, it can be said, however, even if it carried out only Pen washing 
which is physical washing to the diluted-ammonia-water rinse state, the alumina particle has 
been removed about 90%, but on the wafer, it was alike and was left about 10%. It means that the 
particles by which the inside of a slot (or pars basilaris ossis occipitalis) is adsorbed are 
unremovable even if this can remove the alumina which was sticking to the Mizogami part which 
can contact only by pencil sponge. 

[0096]In [the hard parameter dependency of a Cavipen cleaning method], and the Cavipen 
cleaning method which starts this invention in time, the reason which a cavity produces is 
considered as follows. A cavity generating key map is shown in drawing 12 . In drawing 1 2 , as for 
5B, a high-pressure-water nozzle and 5C a nozzle jig and 4 Pencil sponge. As for a cavity and D, 
the high-speed column of water ejected from the nozzle 4 71 and 72 are [ the height from a 
wafer to a nozzle lower end part and P of a nozzle inside diameter and L ] the pressures of the 
high pressure water in a nozzle the water of a low speed or a still water state, and 73. 
[0097]In drawing 12 , if high-pressure water (or liquid washing and the following only consider it 
as "water") is supplied to the course in a nozzle, water will serve as a high-speed column of 
water, and will be ejected from a nozzle lower end opening part. The ejected water stops as the 
water 72 of a low speed or a still water state in the centrum of pencil sponge except it, although 
a part flows out of the crevice between a cleaning surface and the lower end of pencil sponge. If 
the high-speed water 71 blows off in a low speed or the water 72 of a state of rest, the cavity 
(cave) 73 will arise by friction of water itself [ with which speed is different ]. Since the surface 
area of the high-speed column of water 71 will increase if the nozzle inside diameter D which 
considering the generating process of the cavity 73 blows off high-speed water is large, a touch 
area with the still water 72 increases. That it is also high, height [ from a wafer to a nozzle lower 
end part ] L, i.e., the blow-off position of a high-speed column of water, increases a touch area 
with still water similarly. Since the rate of flow of high-speed water will increase if the pressure 
P applied to high-speed water is high, the touch area per unit time increases. Therefore, all of 
these parameters are the factors which increase a touch area with the still water 72. and 
generate the cavity 73 efficiently as a result. 

[0098] Next, the cleaning capacity of Cavipen changed the hard parameter (refer to a nozzle 
diameter (D), a blow-off position (L), wafer number of rotations, the pressure (P) of a penetrant 
remover, and drawing 12 ). and the cleaning effect was evaluated. 

[0099] Drawing 13 shows the difference in a cleaning effect when a nozzle diameter (D) is 0.3 mm 
and 0.4 mm in a Cavipen cleaning method. It was referred to as blow-off position (L) =1 1mm, 
wafer number-of-rotations =1000rpm, and pressure (P) =50 kgf/cm2 about other parameters. It 
turned out that the cleaning effect of the one where a nozzle diameter is larger is high so that 
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clearly from drawing 1 3 . 

[0100] Drawing 14 shows the difference in a cleaning effect when a high-pressure-water blow-off 
position (L) is 7 mm and 1 1 mm in a Cavipen cleaning method. About other parameters, it was 
considered as nozzle diameter (D) =0.3mm. wafer number-o^-rotations =1000rpm. and pressure 
(P) =110 kgf/cm^. It turned out that the cleaning effect of the higher one [ position / high- 
pressure-water blow-off ] is high so that clearly from drawing 14 . 

[01 01] Drawing 15 shows the difference in a cleaning effect when wafer number of rotations is 10 
rpm, 100 rpm. and 1000 rpm in a Cavipen cleaning method. About other parameters, it was 
considered as nozzle diameter (D) =0.3mm, blow-off position (L) =1 1mm, and pressure (P) =50 
kgf/cm^. It turned out that the cleaning effect of the one where wafer number of rotations is 
larger is high so that clearly from drawing 15 . 

[0102] Drawing 16 shows the difference in the cleaning effect produced by the difference in the 
pressure (P) applied to the penetrant remover. Nozzle diameter (D) =0.3mm, blow-off position (L) 
=1 1mm, wafer number of rotations = A pressure (P) under the conditions of 1000 rpm 50 kg, 
Nozzle diameter (D) =0.4mm, blow-off position (L) =1 1mm, wafer number of rotations when 
referred to as 1 1 0 kg = the case where a pressure (P) was 30 kg, 60 kg, and 90 kg under the 
conditions of 2000 rpm was measured, respectively. It turned out that a cleaning effect goes up 
as the pressure (P) increased so that clearly from drawing 16 . 

[0103]That is, the cleaning capacity of Cavipen washing improves, so that a pressure is so high 
that the high-pressure-water blow-off position of a nozzle separates from a wafer so that the 
nozzle diameter of high pressure water is large, so that drawing 1 3 - drawing 16 may show. The 
cleaning effect of number of rotations of a wafer improves like the number of highs rotational. 
The cleaning effect of the Cavipen cleaning method concerning this invention can be further 
increased by setting these parameters as a big value, as long as conditions allow (a washing 
station, cleaning surface construction material, etc.). 

[0104][Dry cleaning/wet, and membrane type dependency] If the case where it washes after the 
case where it washes after dry conveyance, and wet conveyance is compared, in order that 
particles may adhere to a cleaning surface after dry conveyance, it is carried out that to wash 
after wet conveyance is [ a cleaning effect ] higher. The kind of film on a cleaning surface shows 
that a difference arises in a cleaning effect. The relation with Cavipen washing concerning these 
factors and this inventions was also evaluated as follows. 

[0105]The experiment which carries out measurement comparison of the alumina particle 
removing effect by Cavipen washing about the data in which each film of TEGS, poly-Si, and SiN 
was formed on the concave shape Si-L/S sample was conducted. The main conditions (the 
nozzle diameter of 0.4 mm. 1 1 mm of center-to-face dimensions, high-pressure-water 90 
kgf/cm^, wafer number of rotations of 2000 rpm) of Cavipen washing were set constant. The 
washing result in the dry state was measured about these three sorts of data, and the washing 
result in the wet state was also further measured about the sample of SiN. The washing result of 
Pen washing by a wet state was also measured as a standard for comparison. 
[0106]These results are shown in drawing 17 . In drawing 17 , an "initial value" expresses the 
particle number after standard particle liquid spreading, "after desiccation" expresses the 
particle number after dry conveyance, and "after washing" expresses the particle number after 
washing processing. 

[0107]Cavipen washing showed that a dry sample was also removable even to the same grade as 
Pen washing by the wet state of a standard for comparison in the concave shape wafer in which 
the TEOS film and the poly-Si film were formed. However, with the concave shape wafer in 
which the SiN film was formed, a wet sample with easy washing is also thoroughly unremovable 
even to a standard for comparison. On the other hand, in Pen washing, the alumina particle on an 
SiN film can hardly remove a wet sample, either. 

[0108][PH dependency] Next, in order to clarify the effect of chemical cleaning of using at the 
time of physical washing, the hydrogen-ion density (pH) dependency of the cleaning effect was 
examined. In this examination, pH diluted the ammonia solution with ultrapure water, and changed 
it with it. Cavipen washing was performed on the above-mentioned center conditions, and Pen 
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washing was also performed as a reference. In the examination, the alumina removing effect 
when the penetrant remover of different pH (from pH 7 to pH 10) washes using a TEOS concave 
shape wafer was measured. The cleaning effect of Pen washing by pH 7 was also measured as 
comparison and contrast. These results are shown in drawing 18 . 

[0109]When the pH 7 [ same ] compares so that drawing 18 may show, in Pen washing and 
Cavipen washing, it turns out that particle removal ability has high Cavipen washing. When pH is 
raised, it turns out that the washing efficiency of alumina of Cavipen washing increases. That is, 
it turned out that there is pH dependency in particle removal. It thinks for both F-potential 
difference also changing in connection with it by the F-potential of a film and each particle 
changing with change of pH, and the reason which shows such pH dependency, serving as 
change of both repulsive force as a result, and appearing. If repulsive force works to both, it will 
also decrease that particles' particles which become easy to separate from a film and are once 
separated from a film carry out the reattachment to a film. 

[01 10]Since there is pH dependency which there being a membrane type dependency [ as ] 
which the result shown in above-mentioned drawing 1 7 shows, and the experimental result 
shown in this drawing 1 8 show, particle removal understands that F-potential control is required. 
In the ammonia solution of a room temperature, most of a TEOS film, an SiN film, etc. can 
control re-adsorption, even if repulsive force will be considered that it becomes large and 
removal becomes easy and will further once be removed, if the surface potential between the 
film for [ adsorbing ] in the inside of a drug solution and adsorption particles is [ etch ] simply 
large. A surface-active agent (a cation system, an anionic system) may be used as a means to 
perform F-potential control. 

[01 1 1]Masahiro Kashiwagi. Takeshi Hattori, and "clean art of a silicon wafer surface" The data of 
the pH dependency of the F-potential of the membrane type of Si given in Rear Rise company, 
p.67, and (1995), Si02, and each SiN is shown in drawing 19 . Wilbur C. Krusell, John M. de Larlos, 

Jackie Zhang, "Mechanical brush scrubbing for post-OMP clean", Solid State. The data of the pH 
dependency of Technology, Si02 given in pp. 109-114 (June 1995), and the F-potential of 

aluminum203 is shown in drawing 20 . If it sees from these data, pH will be fundamentally 

considered that a silicon oxide film, a silicon nitride film, a silicone film, etc. have negative 
charge, and an alumina particle has positive charge or less by pH eight bordering on pH eight, 
and comes to have negative charge or more by pH eight on it or more by seven, the 
concentration of the alkali of a penetrant remover — high — becoming (hydroxyl group 
concentration goes up) — the potential of a membrane surface inclines to negative. Therefore, 
when it is same electric potential between a film and adsorption particles, if potential becomes 
large respectively, big repulsive force will work and removal will become easy. That is. it can be 
said that electronegative potential will become large if alkali concentration is high, and particle 
removal becomes easy. 

[01 12] [Frequency dependence] The above-mentioned various experimental results showed that 
Cavipen washing could remove the particles in a crevice efficiently. It is thought of with since 
the cavity is generated effectively that Cavipen washing can remove the particles in a crevice in 
spite of non-contact washing. So, Cavipen washing measured and estimated what frequency of a 
cavity has occurred. The frequency in the 1.6-MHz usual MJ washing was also measured for 
comparison. The conditions of Cavipen washing set to 0.4 mm nozzle diameter D which the 
capable difference produced in the cleaning effect, set center-to-face dimension L to 1 1 mm. 
and the pressure was changed with 30, 60, and 90 kgf/cm^. and they measured it. About MJ, 
applied frequency was 1.6 MHz. The frequency characteristic data of washing in each frequency 
measured with the sound pressure sensor is shown in drawing 21 . Although the high frequency 
intensity of M J seems to be larger than that of Cavipen from the result of drawing 21 , this is 
based on the difference of both nozzle diameter, the difference of the noise level of a sound 
pressure sensor, etc., and it is not shown that the high frequency intensity which Cavipen 
generates is inferior to it of M J. 

[01 13]In MJ, it was detected that a peak exists in 1/4 frequency (400 kHz) of 1.6 MHz so that 
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the data shown in drawing 21 might show. At Cavipen, in a frequency band of 1 kHz or less, when 
the high frequency which has a continuous frequency component has occurred and the pressure 
was made to increase, the intensity of all the frequency increased below 1 MHz. 
[01 14]In MJ cleaning method, it was said previously that the high frequency band of a particle 
removing effect is not an MHz band but a 200-700-kHz kHz band. The cavity generated in 
Cavipen so that the data of drawing 21 may show generates the high frequency of hundreds kHz 
bands of 1 MHz or less to the Lord who is a high frequency band of a particle removing effect. 
This is considered that a Cavipen cleaning method is the factor which showed the high particle 
removing effect. 

[01 15](A third embodiment) Next with reference to drawing 23 . it is attached to the 
semiconductor substrate washing station concerning a third embodiment of this invention, and 
explains in detail. 

[01 16] Drawing 23 is outline sketch drawing of an important section when a semiconductor 
substrate is laid in the semiconductor substrate washing station concerning a third embodiment 
of this invention. 

[01 17]The numerals same about the portion same at drawing 23 as drawing 1 are attached, and 
explanation is omitted. 

[01 18]the substrate holder 2 which acted to stainless steel as salt Vicor Tyng in this 
embodiment unlike a first aforementioned embodiment — the chamber 1 top ** — a center is 
penetrated mostly and it is formed so that sliding is [ being airtightly and ] possible. It is 
connected to the rolling mechanism which is not illustrated by the end of the exterior of the 
chamber 1, and this substrate holder 2 is pivotable at high speed. The substrate fixed jig 6 
formed removable in the semiconductor substrate is connected to the other end inside 
[ chamber 1 ] the substrate holder 2. The semiconductor substrate 20 turns the surface (device 
forming face) up, it is fixed to the substrate fixed jig 6 almost horizontally, and the 
semiconductor substrate 20 is pivotable by rotation of the substrate holder 2. 
[01 19]On the upper surface of the chamber 1, the rinsing water feed pipe 7 has penetrated, 
where airtightness is held, and supply of rinsing water (ultrapure water) is enabled on the 
semiconductor substrate 20 surface. 

[0120]On the other hand, it estranges slightly caudad from the rear face of the semiconductor 
substrate 20, and the tip 4A of the nozzle 4 of the high pressure water jet formed by the tube 
which consists of a Teflon tube, a thin stainless steel tube, or silicon nitride is laid so that jet of 
a high pressure water jet is possible. Support fixing of this nozzle 4 is carried out by the nozzle 
frame 5 in the neighborhood of tip 4A. 

[0121]Where airtightness is held near [ the ] the periphery, the chamber 1 bottom is penetrated 
on the bottom of the chamber 1 , and the nozzle support arm 3 of shaft shape is laid in it with the 
round cross section so that sliding is possible. The rolling mechanism which is not illustrated is 
connected to the end of the nozzle support arm of the chamber 1 exterior, and it is pivotable in 
the definite angle range. The above-mentioned nozzle frame 5 is being fixed to the end which the 
upper part of the nozzle support arm 3 was formed in L shape toward chamber 1 central 
direction within the chamber 1 , and was formed in the L shape. 

[0122]By fixing the nozzle frame 5 to the nozzle support arm 3 stably, and rotating the nozzle 
support arm 3 in the definite angle range by taking such composition. The nozzle frame 5 can be 
scanned to the whole diametral direction of semiconductor substrate 20 rear face, and it 
becomes possible to make the whole surface of semiconductor substrate 20 rear face approach 
with the nozzle tip 4A by rotating the substrate holder 2 further. 

[0123]The nozzle 4 formed with the pipe with a flexible Teflon tube etc. serves as the feed pipe 
of high pressure water, has a length margin which can sufficiently follow in footsteps in rotation 
of the nozzle support arm 3, and where airtightness is held to the chamber 1 exterior, it is drawn 
from chamber 1 pars basilaris ossis occipitalis. The end of the chamber 1 exterior is connected 
to the high-pressure-water feed zone which is not illustrated, and supply of high pressure water 
is enabled continuously. 

[0124]The gas supplying port 10 is formed in the upper surface of the chamber 1, and inactive 
gas, such as nitrogen, can be supplied. On the other hand, the exhaust port 1 1 connected to the 
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exhaust which was laid outside, and which is not illustrated is formed below the placing part of 
the semiconductor substrate 20 of the chamber 1 . and the inactive gas supplied from the above- 
mentioned gas supplying port 10 can be exhausted. 

[0125]Next, how to wash a semiconductor substrate surface using this device is explained. 
[0126]The semiconductor substrate 20 is introduced into the above-mentioned device from a 
load lock chamber, the nozzle tip 4A is approached and a rear face is fixed to the substrate fixed 
jig 6 ( drawing 23 ). 

[0127]The substrate holder 2 and the nozzle support arm 3, respectively Next, 100 rpm, Move in 
1 0 thru/or about 50 mm/sec, and about 1 0 sIm of nitrogen gas are supplied from the gas 
supplying port 10, A gas stream is made in the chamber 1. and high pressure water is turned to 
semiconductor substrate 20 rear face, and is made to blow off from the nozzle tip 4A about 5 
mm in inside diameter 1 thru/or about 10 seem by the pressure about 50 thru/or 150 kgf/cm 
by exhausting from the exhaust port 11. 1 00 thru/or about 500 seem of ultrapure water are 
supplied to the semiconductor substrate 20 surface from the rinsing water feed pipe 7. 
[0128]Here by impressing about 1.6-MHz high frequency to high pressure water, According to 
the place which this invention persons checked, as typically shown in drawing 24 , High frequency 
gets across to the thin water coat 50 formed in semiconductor substrate 20 rear face as a 
shock wave at the time of jet of high pressure water, It turned out that the high frequency 
spreads the inside of a semiconductor substrate, a shock is added to the semiconductor 
substrate 20 surface, and vibrational excitation of the detailed dust which adhered to the 
semiconductor substrate 20 surface according to the frequency is carried out. it comes floating, 
and is removed with rinsing water. At this time, most attenuation of the shock wave by spreading 
the semiconductor substrate 20 was not seen, but it was checked that the relief of the same 
dust as a first embodiment of above-mentioned this invention occurs. This dust that came 
floating was washed by the ultrapure water supplied from the rinsing water feed pipe 7, and it 
was checked that the semiconductor substrate 20 pure surface is obtained by this. Thus, in 
order that rinsing water may only wash away the dust which only came floating, it is 
unnecessary, and the low pressure about 0.1 thru/or 1 kgf/cm^ is enough as it. [ of it being high 
voltage ] 

[0129]As shown in drawing 25 , it is checked that the primary high-pressure-water pressure 
spouted at the semiconductor substrate 20 rear face is proportional to the intensity (penetration 
secondary intensity) of the shock wave spread on the semiconductor substrate 20 surface, and 
it was checked that shock wave intensity is controllable by a primary high-pressure-water 
pressure. 

[01 30] According to the cleaning method of the semiconductor substrate concerning the above- 
mentioned embodiment, jet of high pressure water is performed toward the rear face of the 
semiconductor substrate 20. for this reason — the field which mist generates is limited only to 
the rear-face side of the semiconductor substrate 20 — the surface side of the semiconductor 
substrate 20 — mist — surroundings **** — there are nothings. For this reason, the dust 
adhesion resulting from mist does not take place to the surface side of the semiconductor 
substrate 20. 

[0131]According to the cleaning method of the semiconductor substrate concerning the above- 
mentioned embodiment, low pressure water may be sufficient as the rinsing water for surface 
washing. Here, although etching using acid and alkali is effective in removal of impurities, such as 
metal other than dust adhering to a semiconductor substrate surface, in this embodiment, it 
becomes possible to change into the above-mentioned low-pressure rinsing water, and to use 
chemicals, such as acid and alkali, namely, the mist by the high pressure water which chemicals 
did not disperse even in the semiconductor substrate upper part since rinsing water was low 
pressure, and was injected by the rear face — the surface side of the semiconductor substrate 
20 — surroundings ****, since there are also nothings. If only the device inner surface below 
the semiconductor substrate 20 is made into acid resistance and alkali resistance, even if it 
washes using the solution which changes to rinsing water and contains acid and alkali, there will 
be neither a possibility of corroding a washing station wall, nor a possibility that the mineral salt 
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of ammonium chloride etc. may adhere in a washing station. It is also possible to use chemicals 
as high pressure water according to the necessity for rear-face washing. High-pressure-water 
mist soared also to the washing station upper part by the Prior art, and had advanced also into 
the load-locks portion especially by it. The load-locks portion needed to use a gate valve etc.. in 
order to make carrying-in appearance of a semiconductor substrate possible and to maintain 
airtightness sufficient at the time of ****, and to maintain the airtightness of metal surfaces, and 
cannot form this portion on the acid-proof and alkali-proof surface. However, according to this 
above-mentioned embodiment, the portion of which acid resistance and alkali resistance are 
required is only a field located below a semiconductor substrate, and the above-mentioned load- 
locks part is excludable. A sliding portion is only a small region and the field located below these 
semiconductor substrates can fully maintain airtightness with a Teflon seal etc. Therefore, at 
this embodiment, acid whose detergency is stronger than pure water, alkali, etc. can be used as 
rinsing water and high pressure water by making the washing station wall below a semiconductor 
substrate into acid resistance and alkali resistance by Teflon coating etc. 
[0132]As the acid used here and alkali, those mixtures, such as chloride, an ammonia solution, 
hydrogen peroxide solution, ozone water, and electric field ion water, are suitable. 
[0133]Next, the primary high-pressure-water pressure dependency of the minimum value of the 
antenna ratio by which an electrostatic discharge damage is carried out for MOS capacitors 
when the semiconductor substrate for which MOS capacitors were formed in the surface using 
the washing station of the semiconductor substrate concerning this embodiment is washed. As 
compared with it at the time of using the washing station of the conventional semiconductor 
substrate, it is shown in drawing 26 . Here, the area of a capacitor electrode to the area of the 
capacitor oxide film of MOS capacitors is shown, and, as for an antenna ratio, an antenna ratio is 
as weak as large (an electrode area is comparatively large) to an electrostatic discharge damage. 

[0134]As shown in drawing 26 , although the antenna ratio from which a primary high-pressure- 
water pressure starts an electrostatic discharge damage in a conventional example below at 60 

kgf/cm^ (when the washing station of the conventional semiconductor substrate is used) is 
maintaining more than 1x10 If it is exceeded, it will fall rapidly, and a primary high-pressure- 
water pressure will fall even to 1x10 in 100 kgf/cm^. On the other hand, when the washing 
station of the semiconductor substrate concerning this embodiment was used, as for the 
antenna ratio, the primary high-pressure-water pressure was maintaining more than 1x10 also 
by 100 kgf/cm^, and it was checked that there is a remarkable difference. As opposed to static 
electricity generating this in a semiconductor substrate surface in proportion [ almost ] to a 
high-pressure-water pressure in friction with the surface at a Prior art at the time of injection of 
high pressure water, It is thought that it is because there are very few possibilities that high 
pressure water may not touch a semiconductor substrate surface, and static electricity may 
occur on the surface when the washing station of the semiconductor substrate concerning this 
embodiment is used. For this reason, according to this embodiment, a risk of destroying a 
surface semiconductor device is dramatically small, and the semiconductor substrate cleaning 
method which can guarantee high element reliability can be provided. 

[0135]Next, the modification of the washing station of the semiconductor substrate concerning 
this embodiment is explained using a drawing. 

[0136] Drawing 27 is section sketch drawing of the first modification, gives the same numerals to 
the same portion as above-mentioned drawing 23 , and omits explanation. 
[0137]In this modification, the substrate holder and rinsing water feed pipe 8 which has the 
function which aligned the rinsing water feed pipe 7 with the substrate holder 2 shown in drawing 
23 is used. The substrate fixed jig 6 with which the semiconductor substrate 20 was formed so 
that it might be removable is connected at the tip inside [ chamber 1 ] the substrate holder and 
rinsing water feed pipe 8. to the substrate fixed jig 6, it accomplishes that immobilization of the 
semiconductor substrate 20 is possible — as — a lock-pin — three — or about five are made, 
and the semiconductor substrate 20 turns the surface (device forming face) up. and is being 
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fixed to the lock-pin almost horizontally. The semiconductor substrate 20 penetrates the 
chamber 1 upper surface, and is pivotable by rotation of the substrate holder and rinsing water 
feed pipe 8 formed so that sliding was [ being airtightly and ] possible. By taking such a gestalt. 
in this modification. It adds to the advantage described with the washing station of the 
semiconductor substrate concerning the second operation form of above-mentioned this 
invention, During washing, there is almost no room for rinsing water to always cover the 
semiconductor substrate 20 surface from a semiconductor substrate 20 surface center section, 
and for floating dust in the gaseous phase adhere to the semiconductor substrate 20 surface, 
and a still purer semiconductor substrate can be obtained. 

[01 38] Drawing 28 is section sketch drawing of the second modification, gives the same numerals 
to the same portion as above-mentioned drawing 23 . and omits explanation. 

[0139]this modification — the exhaust port 11A of the pars-basilaris-ossis-occipitalis peripheral 
part of the chamber 1 — in addition, **** of the chamber 1 — the exhaust port 1 1 B is mostly 
established in the center section. By exhausting also from this exhaust port 1 1 B, exhaust air 
becomes possible from the portion directly under a semiconductor substrate which approached 
mostly about the mist generated in the substrate rear. Thereby, in this modification, in addition 
to the advantage described with the washing station of the semiconductor substrate concerning 
a second embodiment of above-mentioned this invention, reflection of the mist from the washing 
station bottom etc. can stop, the capacity of the chamber 1 lower part can be reduced, and the 
miniaturization of a device can be attained. 

[0140](A fourth embodiment) Next, drawing 29 is used per fourth embodiment of this invention, 
and it explains in detail. Drawing 29 is outline sketch drawing of an important section when a 
semiconductor substrate is laid in the semiconductor substrate washing station concerning a 
fourth embodiment of this invention. By drawing 29 , the numerals same about the same portion 
as drawing 23 are attached, and explanation is omitted. 

[0141]According to this embodiment, by using the bottom of the chamber 1 as the bottom, it is 
formed in chamber 1 inside so that storage of the semiconductor substrate installation 
scheduled region and the nozzle tip 4A of chamber 1 inside of the cleaning tank 1A may be 
attained. 

[0142]The semiconductor substrate 20 can be attached with the substrate holder 6 in the 
chamber 1 via the load lock chamber which is not illustrated like a third embodiment. In this 
embodiment the slide drive mechanism which is not illustrated to the substrate holder 2 is 
attached, and a slide drive and rotation are possible for the substrate holder 2 by this. After 
introducing the semiconductor substrate 20 in the chamber 1 and fixing to the substrate fixed jig 
6 by this, it is possible by dropping the substrate holder 2 to the chamber 1 further to store the 
semiconductor substrate 20 inside cleaning tank 1A. 

[0143]The nozzle 4 is stored inside a nozzle support arm, and is drawn by the chamber 1 exterior 
with a nozzle support arm, and supply of high pressure water of it is enabled from the exterior. 
[0144]It is possible to be able to supply rinsing water to the cleaning tank 1 A from the rinsing 
water feed pipe 7, and for this to fill the cleaning tank 1 A with rinsing water. 
[0145]The sewer valve which is not illustrated is attached to the lower part of the cleaning tank 
1 A, and the rinsing water inside cleaning tank 1 A can be discharged at any time by opening this 
valve. Discharge of this wastewater to the device exterior is enabled from the exhaust port 1 1 . 
[0146]Next. how to wash a semiconductor substrate using this device is explained in detail using 
drawing 29 . 

[0147]The semiconductor substrate 20 is introduced via the load lock chamber which is not 
illustrated to the above-mentioned semiconductor substrate washing station, and it fixes to the 
substrate fixed jig 6. Then, it is made to stop in the position which the substrate holder 2 is 
dropped, and the semiconductor substrate 20 approaches the nozzle tip 4A, and is stored by the 
cleaning tank 1 A. Here, the rolling mechanism which is not illustrated so that it may become 
pivotable in this position is connected to the substrate holder 2 in the chamber 1 exterior. 
[0148]Next, after supplying ultrapure water from the rinsing water feed pipe 7 and making the 
inside of cleaning tank 1 A filled with ultrapure water, the valve which the cleaning tank 1 A lower 
part does not illustrate is opened continuing supply of ultrapure water, and the ultrapure water in 
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the cleaning tank 1 A is replaced gradually. It may be made for ultrapure water to overflow from 
the cleaning tank 1 A upper part, without using a valve. 

[0149]In this state, high pressure water is turned to semiconductor substrate 20 rear face, it 
blows off from the nozzle tip 4A, and rotation of the nozzle support arm 3 and the substrate 
holder 2 is performed simultaneously. 

[0150]Thus, in addition to the effect described with the cleaning method of the semiconductor 
substrate concerning a third embodiment of above-mentioned this invention, by washing a 
semiconductor substrate, there are the following effects by this embodiment. That is, the one 
semiconductor substrate 20 is always dipped into ultrapure water, and the surface does not 
touch it into the gaseous phase. In ultrapure water, mist does not exist but there is [ be / it / 
under / gaseous phase / comparison ] also very little dust. For this reason, a very pure 
semiconductor substrate surface without dust adhesion and dust re-adhesion can be acquired 
by washing in ultrapure water, replacing ultrapure water one by one. 

[0151]2) It becomes possible by constituting a cleaning tank 1A wall, the substrate fixed jig 6, 
the nozzle frame 5, and the nozzle support arm 3 from chemical-resistant high Teflon etc., 
respectively, or coating with them to use an acid and alkaline penetrant remover as rinsing water. 
This becomes possible to also remove the metal adhesion thing of a semiconductor substrate 
surface. It is possible to continue at it and to perform washing by ultrapure water. In this case, if 
needed, a rinsing water feed pipe may be extended and it may use properly according to the kind 
of rinsing water. 

[0152]The number of particle on the semiconductor substrate which performed washing using a 
fourth embodiment of above-mentioned this invention after CMP was shown in drawing 30 as 
compared with the case where the conventional cleaning method and the cleaning method of a 
first above-mentioned embodiment are performed. According to this embodiment, in order to 
perform dust removal in a stream, even if there is no room of mist re-adhesion and it compares 
with the cleaning method of a first above-mentioned embodiment, it turns out that the number of 
particle is decreasing further. 

[0153]Next, it explains about the modification of this embodiment using drawing 31 . Drawing 31 
(A) is a plan of the nozzle tip 4A used by the above-mentioned embodiment, and the nozzle 
frame 5. The nozzle tip 4A which is a thin Teflon tube has projected from the center of the 
almost cylindrical nozzle frame 5. 

[0154] Drawing 31 (B) shows the first modification of the nozzle tip 4A and the nozzle frame 5, 
and two or more nozzle tips 4A have projected it to the nozzle frame 5 of the rectangular 
parallelepiped form which has the length equivalent to the diameter of the semiconductor 
substrate washed mostly. 

[01 55] Drawing 31 (C) shows the second modification of the nozzle tip 4A and the nozzle frame 5, 
and two or more nozzle tips 4A have projected it uniformly all over almost [ of the nozzle frame 
5 ] to the nozzle frame 5 of disc shape with the thickness equivalent to the semiconductor 
substrate shape which a section washes mostly. 

[0156]Since the nozzle tip 4A is formed in these modifications corresponding to the diametral 
direction of a semiconductor substrate, or almost the whole surface of a semiconductor 
substrate, if drawing 29 is made to rotate the substrate holder 2 of a statement, the nozzle 
support arm 3 can wash the whole semiconductor substrate rear-face surface, even if it does 
not make it rotate. If the nozzle tip 4A is formed densely enough in the second above-mentioned 
modification, it is possible the substrate holder 2 and to wash the whole semiconductor 
substrate rear-face surface, even if it does not make it corotate nozzle support arm 3. By using 
these modifications, the rotating parts of a washing station can be reduced and an equipment 
configuration can be simplified. Although two or more nozzle tips 4A are required in these 
modifications, since the nozzle 4 is thin, it is possible to store two or more nozzles to nozzle 
support arm 3 inside collectively. 

[0157](A fifth embodiment) Next, drawing 32 is used per fifth embodiment, and it explains in 
detail. When wrapping drawing 32 using a CMP (Chemical mechanical polish) device etc.. It is 
stuck on the wrapping jig 30 which consists of the axis 30A and the wrapping board 30B, and the 
important section sectional view of the washing station which washes the semiconductor 
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substrate 20 which wrapping ended is shown. 

[0158]The semiconductor substrate 20 stuck on the above-mentioned wrapping jig After the end 
of a lapping process, Before progressing to a next process, it is dipped in the wrapping board 
cleaning tank 40 filled with the illustrated pure water, and the high pressure water spouted from 
two or more nozzle tips 4A in the nozzle frame 5 installed in the wrapping board cleaning tank 40 
can perform rear-face washing. It is using here the nozzle frame 5 of a rectangular parallelepiped 
form indicated in the modification of a fourth above-mentioned embodiment thru/or the nozzle 
frame 5 of thick disc shape as a nozzle frame, it is rotated any of the nozzle frame 5 thru/or the 
wrapping jig 30 they are — making (at the time of nozzle frame 5 use of a rectangular 
parallelepiped form) — it can fully wash in a short time by what (at the time of nozzle frame 5 
use of thick disc shape) is used making both fix. 

[0159]The high-pressure-water pressure at this time (50 kgf/cm^) and the relation of the 
number of residual particles after washing (Particle count/wafer) were shown in drawing 33 . By 
using the method of a statement for this embodiment, even if it is the field just behind CMP 
which became dirty dramatically, as shown in this figure, if it is considered as high-pressure- 
water pressure 120 kgf/cm^, 20 or less are realizable in the number of residual particles. 
[0160]In each of above-mentioned embodiments, although the nozzle 4 explained the example 
which uses a Teflon tube, a stainless steel tube, and a silicon nitride tube, it can carry out the 
strange pan of this suitably with the water pressure etc. of the high pressure water which flows 
in a nozzle. For example, from a high-pressure-water pump to the neighborhood of a nozzle tip 
may be formed by a stainless steel tube, and only a nozzle tip part may be formed with silicon 
nitride. By doing in this way, sufficient high pressure water can be borne and it can be 
considered as very few tubes of contamination fear near the semiconductor substrate. It also 
becomes possible to replace with high pressure water and to use high voltage medicine by 
forming a chromium oxide film etc. in a stainless steel tube inner wall. It is good only also 
considering a tip part as silicon nitride using a Teflon tube. By doing in this way, the existing 
chemical-resistant tube can be obtained easily. It is a range which may be able to use it also by 
the tube made from VCM/PVC depending on the pressure of high pressure water, and does not 
deviate from the meaning of this invention, and various change is possible. 
[0161] 

[Effect of the Invention]As stated above, according to this invention, a substrate cleaning device 
without dust re-adhesion can be provided. Medicine, such as acid and alkali, can be used if 
needed using the device. According to this invention, a semiconductor substrate cleaning method 
without dust re-adhesion can be provided. It is possible to generate the high frequency of a 
frequency band effective in particle removal, without using two or more frequency sources of 
release, And the high noncontact type semiconductor substrate cleaning method of the particle 
removing effect could be provided about both the flat part and the crevice, and it presupposed 
that it is possible by two-step washing which combined with R/S the washing-after CMP module 
which needed three-step washing conventionally, and made it possible to acquire the cleaning 
effect of high particles also in the wafer which has a crevice. 



[Translation done.] 
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-5*!- J; "9. ^>'iy/U>^:jK>'v'5 C;4^*^f$:£lS2 0* 

V 5 C5fejffi tg 2 0 «E ^: wra(-#'>©?glt 
ext. x;^Vv'@S?&*5 B©^gP(-5X 

[0 0 6 5] :i(DX^^j:m'^ti-^^tX\ ;^aK>v'@ 
[0 0 6 6] *fc. •<>"Wl/X5Ki/v'5 Ci7)WS{4#y 

[00 6 7] c^-tDrnmitm) o#*ic. 

[0 0 6 8] ;$:3§ig(C'^?)C a v i p e n?5fe#-;^fe^. 

fi&jteop e iilc±5»ctf;^fe. c J (ciSiifcJt;^^. M 

J (cJ;5i5fe#-;^ifei:S:JtKi-S^i^. *Dj;t/Cav i p 

[0 0 6 9] 1 ) mmmw 

i5fe?f-|li^Sgi: UT. R/S*v^^-yi';iS2-^, Pen 
(C a V i p e n*ffl) . M J . C J <73#^>?^— y-P^ 
^l-^-fot.-tjV^/c., yH4. S5|s:6^tC|l3 4 

[0 0 7 0] ^ttfc^v'^— /HCfflV-'fc, Pen. C 
J . C a V i p e n. MJ 60^7 XyKDftB&irffiia^-?: 
tl-etVile (A) (D) tr:^i-„ la6^C*3V^T. 1 

2l4yXVw7^B:, 1 3(4a^PVAi{-<i/i//W;^*°Vv'. 
1 4 li^gffiTK/ X/U. 1 5 ttSJ±*7 XVU. 5 C lltf^ 
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[0 0 7 1] P e ntrJol/^Ttt. '<>'v'>'U;^xKi^v^l 3 
[0 0 7 2] C J (C*5V^-C{±. ii5i±7Ky Xy'U 1 5 (cSffi 

7k (10~1 lOkgf/cm' ) imfs^^ix. {gffiTK 

y XVU 1 4 tC(i{g|I* ( 1 ~ 2 k g f / c m' ) /S^IHHf 

jdE7k^;ffiJl7k»#ffiT'#ictO=¥^ tf-r-i'— (Cav i t 

y : C a V i p e n-efiP e n 10 

^Cffll/^2)PVAM>5.7K>'v^|C, (^M5~8mm(Z)4'^§Pl 

[0 0 7 3] /^io, i^)±7k^cA#iiJ-riSJ±7Ky X/H 5 

*i<tt)«y X/l'4}C(i/^7^-^-.!r LT, /X/US (D 
= 0. 3, 0. 4mm) . '>3i/a— ;6i6>(Oift$ (L = 
3, 5, 7, 9, 11 mm) 20 
[0 0 7 4] M J ^Cjo^^T^i. 2 O O k H z , 4 

OOkHz, 700kHz, 1 MH z , 1. SMHzSr 

[0 0 7 5] 2) f^w : t>ai/N- {n^m^i^mm) as-r 

i t>:x/N-(cR I ET'L/S(75?f ^ffMLfctcO^ 

$fi5 0 0 0 A-ea/hL/S(i 1 jum/3 /tm-Cfc^o 
^•^DflJi^i^tS i '>J^^^-{c:LP-CVD-t?TEOS, P 30 
oly-Si, S i NlK^-?:n^*tT,2 0 0~2 0 0 0 A 

[0 0 7 6] ^i^^c:o^^-c^i)^5fe^f^W{ffi^-ffl^^fc^i^^l^^ 

[0 0 7 7] 3) gfe#P«#|l|M 
l?ffiigfifi-<TS i -^^^^-f-^Pl-L-CttSP IXfiSF 
S 6 2 0 0, [If]3#i^t'>3i/N-t::(iA I T-8 0 0 0 
TKLA-T e n c o rttS) t:, ^rtt^'tl/-^— x-f i?" 40 
)Vi3'l^l^^h LTfflvyto ^iJ/Ji/N— (D'f — v^-V/KD/>° 

-x-f (Defect) i^^Pis^tsge-eiy^L 

/S^v?3.— /Hex 1 0 0 r pmT'li7^/^— ^lelteS-ti: 
;t44i!ftitL. @^yX/^i>6>i@M7K^^^BgWL-C'J73l/^ 
-«ffiilr?intttci!ftofc^, ;^2pm^^K^,^3 c c •J'i 
*B(7);z^{c:|| P> L, n -/Uy?, 7 :7'j5fe}fH^r 2 0 
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Ky-f 1^>-7°/H4^*S^©PJ5»^)]WfltSrS P 1 , 
SFS6200iAI T-fim&k. #?5fe#^i/rL— 

/HJ^^v^:^^— /WTi^feif-^. SPl, SFS6200i: 

h\.Xim^iir'yWiB. (pH) SriotLfco # 

iRa^ ( p H^#^) ^p-i^^itTIi p H 7 ~ 1 0 ^ 

[0 0 7 8] 4) j^jSll^ttffffi^ife 
C a V i p e nT-|S^i-5=3f-^ t'r-r-'^JljSiCl^ttP 
ffi^MJ (1. 5MHz) SrU 7rl/i/:^t LTfTo 

^r?i(t. ii:@5mm(Dl^J±^r^^i^- 

gc^-frfCo ::<^-fei/f— it:±f-M J , Cavipen^ 
K^«L. gfe?^*#lcTyX/u^Miii$-tt-f(cir^-1^-± 

[0 0 7 9] ffffiOSPt/^SM 
fi : ^TKy^f-v^/i-) 

tzM^<Dm^^^ (1^**:%) ^^-r„ gfeif^jit^ii-^ 

:e-/n— mteifcl 0 0 r pm. y X/Wy?.dr-\'>'jiJ*5mm 
/sec, ;^=3f--Y^'[Hl^3lHl, y XVU'Bil^llS4 0~4 

JlSt^t:°-i^C0^*iS£ESr2 7 OmVi: L. 1. 5MH 
z©;Zf*3 7 OmVt LfCo ^W^:^, 0. 2~10 5 

00~700kHzroJ;5^£. ^Wk H z «^ 

[0 0 8 0] 4fc, laSlC, ^T— S i ^>:ii/N--e(Z)e7 

^/N—fe y X/^^^ 11 ;e Lfc|^©|^-BB,|ta5 

^ (tt^4 0mm«;5R) JC*5(t5 2 0 0, 4 0 0, 5 0 

0 , 7 0 0kHz T'COgfe^tBtrHm^tt^* bfc 
Wj«W^^^m/4 Omm»R) „ #J5^ic*{cBi#t^FBl 

[0 0 8 1] L;5^L?'i;4^b. Pi:2 0#tflB?,|tTM''cC5 
JtSJE-r 5 400~700kHz 
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[0 0 8 2] m^. mm'p^^^~i^mi-^^^^^(D 
s^p^r^-fbwt LT. mm(Dmt l-cs i NI^^^±5* 

A I T-8 0 0 0?rfflV^Tii'<fc^*. :L(DmJ^^^'>^ 
[0 0 8 31 -^(Cj@#jSSrffll/^fcJ|a^|^*^ 10 

&mmc 28kHz -es^i^n ^S^liliWf-^ X 

(DWii-^^^^xt^tmoMmi^inLx. ;i«iSc(^Rjt 

^*HB;^^Hgfe^f-^ X =3X28X10 

' (Hz) /^mm^m (f) 20 

ii/^5M#st"t-S$ti^o ^(osttcitvfis 5 0 0kH 
z Xm 0 . 1 6 5 D ;/^±<7)f-^ X, 1 MH z X^ 
0. 0 8 5i:'ni/jy,±Wf-'l'X>1^4-|^*^tgt^=f5.o 

^-C<^fe^f--f X-CMH z SriD;^;iS k 

e"k H z (om'^m'^M^^'^i^mtii^ tfc^^i /^o 

;r-o 30 

[0 0 8 4] ±EII^^^;!)^b. Z(Dm^J:T;U^'rm.^ 

ti^MH z ^gfeif^T'fi. cMP^i^c'^'3l/^-^iB^cPii# 

L T V ^ 5 ^ fc (t T-^efe-r 5 <7) (iSii t w 

;t^o MHz^gfe#-Ci$fe#-?;(ilP:^i*/t-ii:5fcJ6(v:fl, ^± 

V-ty^^mt^miri>:Ltx\ n^w^^^tmnx^ 

5„ 40 

[0 0 8 5] -15^ m'^^^m\'^t:.'et=^xfmtfih(D 

-g-<Or>:r-/^— ^0^';'<-v?i{i, U L S I «^|ffl/-<^-:y 
<r)/<d> — l^^n {.mif) ffi^XhV. 0. 2 5$:J'n> 
r ^ < X -e ^^J Pp^H i: o T V ^ 5 o r W ^ ^ - 

"9. /■^iJ'-i/f-'f Xi:j5tifH>fl-^t;ie^)/-?-x^'i^/i-f-'f 

x;5Mi{^i^ cf-'f XT?fc5 ^ i ifif^mxh^^mm^'K 

V\ 50 
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[0 0 8 6] Z.(D.'<^~iymU<DfSim^MW:ir^fzi^ 
if^(DU^Xh^1&.=f-(Dm^il^0Wi^^1)^h\'mi: 

t:-MHz(Dm;^*-^t-rw^^s mwmm'^mw-^\m 

1 SJ^n 5 ^ ^ fx ^ -fc ft 5:5^*^ < ig± $ 
d'':^~-i^^^x.f£\^^X\ ^ ^ Ji^(D?^i^^m^1^. 

xh^. 

[0 0 8 7] [C a V i p e ngfejf-:*-^] *|§BJlC;j^j!i^ 
5 C a V i p e nm^^mt. *5*3<t-taT(^<t 5 lilfr 

[0 0 8 8] 01 Oll*^0^(c:;!i^/5^5C a v i p e n?5fe 

ic^i-mmt±mmmxh <o . m-(DUU • sc^tcfiP 

[0 0 8 9] 010 (::;^1-igei-*5V^T. / XVu$fe4S4 

-i)^h^mi^mm.2o^mALxmw:-t?>o 

[0 0 9 0] <!fclC, StK^/U-^'- 2 ^^iJ;t(J 1 0 0 /^V^ 
L 1 0 0 0 r pmro[HlK»t:\ * / X/U^ T- A 3 
^ 1 0 J^eV^ U 5 0 mm/ s e c gJ^»fittl3iS"T?tlj^^ 
;!fxtt^p 1 Oi^hmm:lfy^i:l 0 s 1 mS^^*& 

"9 . /■ci:;tlf 3 0 k g f /cm' TiS 1 10k 

g f /cm' w|±;'3ii)D;ifciiff7K^. 

x.itlJbm.1 0 s c cm@^i«!±i$-&5^ilcj;i9^^ 

#:ai£2 o«ffi^i5fei^-r5„ 4fc. ztihrn^xm^. 

x?^#t^l= (|gl*-li:-f) ;5^f>y >x?^*^Sffitc#t^L 
[0 0 9 1] rrT\ /XVW5tffi4 A/S^bltW^tl?)^ 

ammmm^nxw^^ii^'o. iiffi*t^J:oT^*$n 

So 

[0 0 9 2] [Ca p V e n^jt;^ftimrogfe^;^fei: 
<D^^(Dim] Hki^Caiv i pe n iJfe^- * -5 /-^-X -f 
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V^T. it^^^. P e nj5fei#-, C a V i p e ngfe?#-0^ 

^•i^. C a V i p e n^r^{C^\^^Xit^T l^'e^^TTK^ 
^tmmzC a V i p e n^fc#*^fojt:»-g•. ^-n^'ti 

[0 0 9 3] it^m^(D?^n<:>fzTEOSmB^'>^^^ 
IWlBfidP e ni5fe#^tfo/c:TEOS[aff^ttt'>3^/N— 

hiXs it^mi^tmm^C a V i p e ni5feif-*tto/cT 

EOS <> ^y^~X'\ts miv y7^>:^t mmo:> 
[0 0 9 4] ±mm'^^^im 1 1 t-^t-o mi i 

[0 0 9 5] ^^TV^::^T*y >';^4^t^(c:C a V i p e 30 

n)5ferf^^JPx5i. y 7t ^>;=^(^^^^fe^•Sr*e7K^- 
;^;^ 9 7" L T V ^ V ^-Y - life i^-^vi- (^2pe^ 
?g^*HU(^t»;ffi) ^X^.^A-^mt^j:-ofz. C 
a V i p e n^lSfe?|^^C^o^^T{iP e nJ^?ff(C<t 5^tti5ferf' 
t ^ t- X ^ - J; ^ I^^^MSfe^ ^ [b] B# (c^t o T V ^ 5 fc 

isx^o L;0-t^<C;ise5^ #7'>'^--T7Ky :^;^t*t|glc 
tiagfeJ^T'foSP e ni*#(D^^fToT^i. 9 0%SS 
fiT/v-^-^-ftiT-^l^i-e^fci^iS, 1 o%eS{i->al/^- 
±\Z^C'^'On^i^ltZo 'nil. -^yiz/W^/j^yv^cTJ^T' 40 

Tti. itrtSB (xitim) \m^^tix\>^^mi'it^^* 

[0096] [Cavipe n jJfe^&cD/N— HV^°7 ;^ — 
^i^^m t^^X. 3|s:|g0J{C#.5C a v i p e ngfe^ 

o la 1 2 (CiSV^T. 5 B tty X/W^s,, 4 (iiSBETk 
/X^K 5 Cfl^V^^/U;^^^^-:^. 7 1 f±/XyP'4*»f5 



2000-188273 
18 

y X/uT4SlEB4-eroiiS$, P{i/X;i'rt(Z)alE7k03EE;^ 

[ 0 0 9 7 ] 0 1 2 icfcl,^■r. y x/ui^i©^sg(wi^j±(D 
^ix^t. /X/uTilSMP^HJTJ^ejTK^SigjiroTkat/io 

72tLT®*5. {g:]i*fcfi#lh!|^ffiro*7 2 4'{Cig 
3io*7 I;{»5iifttt5$ti5 

7 3 0|§^ii@^#x€)i:. iSjt<07R*»A#ai-t/X> 
i^ii7k^r^P;ie,^^5E;'3P;i5;g^,^i 

Ji^fSo tJ^oT. ::^Xb©/-^7^-i5'(i:^T^7k7 2 

i:©^teBa^ii:^$it. ^rWlg^^-^-t-x-f 7 spiral 
[0 0 9 8] Cavipe nn'^W^f}^^-^— K 

/•«77f-^- (yxvug (D) . ni:ttHU4a (L) . 

r^zc/N-lHlte^, mWmnBtl (P) . E12#BBJ ^ 

[0099] 013 (1. Cavipe n'-SbW1j'{Mcio\<^ 
X. yX/Ug (D) SrO. 3 mm. 0. 4mm(CLfc» 

li. i!*:#mbfe« (L) =1 Imm. '>3^^^-|Hieic= 
1 0 0 0 r pm. J±;'3 (P) =50kgf/cm2. t 
Lfc„ 01 3^^53 0Jf>;a^;kJ;5(-s / X>giZ);k:t 

[0100] 014 {±. Cavipe n?5fe^f*}fe^C*3^^ 

«ffi7Kni:#ffiU4g (L) ^7 mm. 1 lmm(CL 

Til. yX/U^ (D) =0. 3mm. 0^^= 
1 0 0 0 r pm. JEE:;tl (P) =110kgf/cm'' . 

ibfco 01 4;5^feOgb;0^/^J;5(>i. i*l±*PAtaiL^ 

[0101] 015 li. Cavipe ni5fe}#-::^)*iC*3V> 
-C. Hie^^ 1 0 r pm, lOOrpm. 10 

0 0 r pm(CLfc:»-g-tO?5fe^f?^*(OjtV^4r^-t-„ ffico/< 
7y-i?(COV^T{l. /XVU^ (D) =0. 3mm. ^ 
tmUia (L) =1 1mm. Bt) (P) =5 0k g f 
/cm' . tbfc. mi 5A^ibmhA^ti:i:oiZ. 

[0 10 2] 016{i. ^^mKlM^(btl1tEE.t) (P) 
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(D) =0. 3mm. e^#t±iU4M (L) =1 1mm, 
t>ac/^— [p]$Ei:= 1000rpmi:V''5 ^f+Ttfffi:^ 

(P) ?:50kg. llOkgt Ltcm^. *5<tU«y X 
(D) =0. 4mm. e^ttUUig (L) =1 Im 
m, 0*5^=2 0 0 0 r pmirV^^^I^Tt'ffi 

;^ (P) ^30kg. 60kg. 9 0 k g t L;t*-^tr 

(p) iii$±-t^\^^in,x. m.i^^^^^±^i-^^t7!)^ 

[0 1 0 3] ■ttilt>ib. mi S-^mi 6f}^h-'M^?>X.O 10 
ir. C a V i p e n gfe^Wgfeif i^)l7k<75/ X/U 

3^y^-wlHI^^la[HIte^^smrfS!)m{ilpI-hi-5o r 

If "9 iz^mmm^i-^ ^ t i o -c. *ig0^(c-» 

?.Ca V i p e ni5fe#::^fecoftj#^g!il^^-Sii^$-ti:?) 

[0 10 4] ivy^/'y^yhtmmi^^m k^-^ 

^^;^l»o■rv^5<, rtLbw^Hir^^B^S-if^SC a V i p 

/to 

[0 10 5] IHJF^^^S i -L/SiJ-:/7°/b±lCTEO 
S, poly-Si, S i N(75^:tl--?tlC0K^rff^J^ScL/c 
»i|S|.(coV>T. C a V i p e ni5fe?^{c: i ST/l-? 30 
l»*?il*^ateJtg$-r5*i^€rff ofCo C a v l p e n 
)5fc#-(^±/c-5lfef4^ (/XVWgO. 4 mm. yX/Uift^l 

1mm. SJ±7R9 0 k g f /cm' . <!; =^y^—^$sW 2 
0 00 rpm) \t--^tLti. Ztlh> 3m<D^miC^\>'' 

[0106] ^tlh(D'i^^^m 1 7 tC^fo 0 1 

[0107] Cavipe nj5fe#-{-J; "9. TEOSflli: 

p o 1 y-s immm^ntzwrn-^'y^^^-xi-is k 

isfe^ t n \:^mmct.xm*-t^ ^ t /i^-e# ?. ^ t ^^t)*^ 
-otzo L.i-Li-£i^^h. s iNmmM^i^tzm^^'^'y^ 

/•^~X\tmmmM,ti:'>^ y h f-yT'/ut:- t^^lcttlt 
^mm^-^x^^-th:Li:*-^x%fi\i\ -Is. Penife 
f^T'^lJ'^y hf-^'T'/l^T't. S i NJIIif^T/W?-:^!^ 50 
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^\mm^x^fj:\<\ 

[0 10 8] [pHfe#i4] iSki::. mm^mw^^m^^ 

*-r;a->^i^ (pH) ^fe#ttS:W^Lfc„ roK^JCjo 
V ^ T p H (4T - TtK ^SMtK T^IR L T'^fk ^ -a- 
yt„ Cavipe ni5fe#{±Bfri!!»-fe>'^5'-^ff-C 

P e ngfcjf^t. y :7r l^^'^i LTfTofCo ^ 
mai. TEOSty]ff^:|^'>:t/^-SrfflV^. S/£6pH 
(pH7/!i^bpHio) ©^5til^^S^:i5fe^^Lfc*^(75Ty^ 

^ i-w^^W:^m^ bfco * ^c. )mMm t lt p h 7 

018 tvl^-To 
[0 10 9] 01 8;0^b:5i-;{i^SJ;5(C. |llCpH7-r'it 
tSf-fSi: P e ni^i^^C a v i p e n?^^-ei4C a v i 

p e nmWt^^^W^^^M^'M>\<^^tW:ift^Z. $ 
SC. pH^±tfTV^< t C a V i p e nj5fe^cOTyW$:^ 

tc{4 p H'm-'&i)^ h i> *>5^5J-75^o fco r (D J: 5 ''jt P HtK 

#tt*^-rasi4. pH<^^{t;fcj;oT. ^t^^^n 

;4^6)l47^^ti^< ^j; ^) . %fz-Kmt^i6mMztL=f-bm\c 
[01 1 0 1 |iJit!<Z)0 1 7 i::*-r^:i:/{i^b^>;!)^S i 5 

t^^, Sg.»T:/^=^T7kTi4TEOSM. S i N^/£ 

t' 14% if ^ s/ ^ * n^jj V ^ r t ?) . ^ -e 

[0111] ffi*IE?A. flglfPi^. r y =" 

BWii' y->'S$Sj (*) yry^rxtt. p. 6 7. 

(1 9 9 5) (C|E«(^. Si, S i O2 , Si N^tU-t* 

tiro^ffi(7)if-^l:{4(75 p uik^\t(DT'—^ ^0 1 9 

Tf^iTo 4fc. Wilbur C. Krusell, John M. de Larlos, 
Jackie Zhang, "Mechanical brush scrubbing for post 
-CMP clean". Solid State Technology, pp. 109-114 
(June 1995) {CfBtfeWS i O2 . A 1 2 O3 ©-If-^a; 
{4(0pHft#14®7-'-^^H2 Olc^l-o 

iS'd^feas t. m^^^iaipm^isk^xi-imt-yv ^ 

L. T/V5:-^-^^{4pH8 Sr^lC. p H 8 Jil.TT'(4jE(^ 
mW^Wt. pH8&.±.Xii'k(Dmn^^iriX0l^f£ 
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[0 112] {.mmLm.^m i.tm^n'm.^^t- 
c a V i p e nmmm-^^<r>i&.=f-^^m^<^.i: 

X'^^Z.hf)>t>f)^'otz. Ca V i p e n j5fe#-;J^#^tti5fe 

rT\ C a V i p e nm^X\-i.}^<Dm.l&(r>m^^(D^^ 10 

hbtSSc^fcfelca^tO 1 . 6MH z WM Ji5fe#-T:-CDJ1&^ 
'bSy^bfc. C a V i p e ni*i|K^^#(i. gfeif-^tl^l- 

5rl Immt LT. iE;'3^3 0, 6 0, 9 0 kgf/c 
m' tig;tTaiJSLfc„ SfcM J [dOl/^TtiPnAOja^it 

^1. 6MH z t L./t„ 0 2 1 {c^ji-fe-^/f-— -esy^L 

HI 2 1 (n'i^^i)^h\±M J Oiijl&3^^^\ C a V i 

p e ncD^tii "9 t>;'ctv^J; 5 (-a;!^;^^. itT.(iiM# 20 
co/XyPP^CD^, #J±-ir>f-<Dy'l'XU'^/'KD||^(C 
^^^(TJT-fc"^. C a V i p e nCO^^i-SiiJl^S^S 

[0 1 1 3] 02 1 {d^l-T"— J; 5 IC. M 
J-Cfil. 6MH z CO l/4jg2Si: (4 0 0 kH z) }C 
l^-i!';55#ffi-t-5ri:;a^«l*P$n^c:„ *fci. Cavip 
enX\-t. 1 kHzt^T(7)jl^fti:^tC^5V^T. ii^-f"^ 

^^hh. iMHziUT"T:^"toja&ic»3t,e;4^K*o 
/Co 30 

[0 114] Mj j5fe#-:^ife(c*Di/^T. -'■^-x^ i^'/vi^* 

a:S:<?5iSV>)5JSm®(t. MHzS-(:(±7i<. 2 0 0-7 
0 0 kHz WkHzStrfc-S^iSr^trxli-^/to 0 2 1 
Wr— ^^^b5)-/5^S<t 9l-C a V i p e nX^^-t^^ 

IMH z Jii.TcoiJ:B"kH z^OiSIS^tr^^-f 
50-r'fc-5„ C a V i p e ngfe#-;^?fe;45iSV^SC 

[0115] (m=0^ffif^ffi) <!kt'0 2 3 L 

[0 1 1 6] 02 sfi. ^%m<r>m^<Dmmm\:i%^ 

[0 1 1 7] fiii. 02 3-C01 tm—<D^'^{C^\,^Xit 

[0 118] :^mmmmxu. wm<Dm-<Dmmmmt 
/uy- 2 {45^ ■¥ >^<- 1 (D±mmi^^i:nm i^xnm 
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*^-^m\m!$.^ntzm^m&'^Mr6i)'^mm^rix\^^ 

5. •t(©£«@^^Jr6iCJ4i#^ftcSK2 0;55«B (x 
2 0 [tmWi^^f^^- 2 (OHIKIC J; -o T[llte"sitg 
[0 119] *fc. f-^w^-1 (?3±®lC(4lI :/X7Ktt 

So 

[0120] *^s« 2 0 (Dmm-h^hyi5kz.t> 

^ fc 5 V >ii^^t:a*;!i^ /<£ 5 ^ ^ $ nfc 

iftJEhTkv'a:-;/ h(OyX/W4C05feiiS4 A;65U|£7Kv/j:5/ h 
«ritmBrHg(CttS$ixTV>5o r(0/XVU'4(4^fe4i4 A 
ffi< €ryX;U7W-i>.5tcJ;oT^if|lS$nTV^5. 
[0121] Sfc. ^-t 1 (7?jSBtC|l^(7)Jl]ag|5 

fi< x%^^\m \.tzixmx^\>^<- isffi^Kii t 
T»fBnff^-r'W:Kt75y xyu^ftT-i. 3 i^mm'^mm 

g$n-CV>5„ ^-^V/-<-l^|f|50/X;W^i^T-AW 

xm^'^^tf£oX\^^, X. / X/L-^il^T-A 3 C0± 
Ia5(±^-Y >-^-^— 1 F^T'^-t 1 43,i:>;^[p](C(o]^^o T 

coy XVWy' U— A 5 ;^5|l^$tlTV^5„ 

[0 12 2] r(7)J;5^^«^!fe^Si2)»(-J;'9. yx>7 
A5(4/x>^itT-i^3^:lS^6^^::[^S$tL. * 
fz. yXyu^j#T-i^3Sr-^:^iJJ®iaT-|lIte-rs::i 
icit), yxvP7u-i>,5iri|^^*frS«2 o«ffi©ii:g 

^lute^-arsr t-C'it^5fflsxiS2 o«B(^^ffi^yX/u 

[0 12 3] 4fc. x7ny^^-y#(7)^t)c^£W-t?ff^ 
^$nfc/X/u4l4i«I±7K«#t^^lr*^aT43i;). /X 

oT. ^ ljKa5:S^P>^-^>^^-l;5^g|5J-M|g5r 

{^^tLfct^c^T'^tti^tlTV^So ^(D^^V/<-l^§|5 

[0 12 4] f'-v^'^^-l W±ffilCtt;if^tt^P 

1 0;a5JF^|^$nT*5i9. g*^(75^S14;!/^W#-t- S 
rt/i^X'^So ^-ty/<-l©^ii<$:SS2 oro 

g(cgig$nfc#^P 1 l^5ffM§ti.X43'9s ±K(0;«f 

[0 12 5] mc^(Dmmi:m\'^x^mi^m^mmi:m 
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[0 1 2 6] ±iaLfcSlfi(c:, D— Kd y^J'^-t 

ifi^LTS1Sll^?&B^6tC|lS-rS (0 2 3) „ 
[0 12 71 Sffi/i^/l'^'- 2 . / X/l-^WT-M. 

3^^tl^tls lOOrpm, 1 0 L 5 0 mm/ s 

e cU&X-m>L. ;^f;^«^P 1 OA^hmm:^^^:! 0 

f/cm' @;groflE;^;-CiSffi7K*rt@5 
/w5feiffi4A;5^P)¥5ff$:S1S2 0»ffi{r|SntT 1 L 1 10 

0 s c cmg«itai$ii:?)o y :/;^7K#t|t^ff7 

t^hmnyk^^'^i^MU2 oSffiic 1 0 o/£V^L5 0 0 

s c cmg^#t^i-5„ 

10 12 8] ;ir.-t\ «ffi7k{;il. 6MHzSSC0iiJ^ 

f*:SS4>*e»LT4^*#:S«2 0 «E[cii»^*Px. 
^(7)ja?fi^lc:jSC-Cit^*fl^X1g2 0*ffi(cPtt#Lfc»H 20 

fcS^tfi^ST'fc!?. 0. l/^V^Ll k g f /cm' 30 
[0 12 9] Sfc. 0 2 5tC7j^1-J:5l-. ^I^^fr*te2 

[0 13 0] ±m(DmmmmAc^^^mi^&U(Dm^:t 

mi^Xtm. i«ff*ro"fttiifi4^^^#:S«2 0O«ffi(Cf6] 
^ffSte 2 0 ««ffiiRiJ(D;^^(C|5S£$ix, 2 0 40 

[0 13 1] *fc. ±lB(^*Sfeff^^l::#,5^^f*:£«(Z) 
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frS^S2 0ro^Et)(CJii95itfr tT^CV^fcfe. ^t^^ft: 
Kte2 0 i "9 TgpcDS«rtffiw;^lriiti?tt. mT/\yi] y 
tticLT*5lt«\ y >';=<7K(c#;tT®£. T>'U;<7y^^tr 

^^tLxit^m&^m^^^^^th'^mxh^. f^. t^* 
A^^mmmc+'^fj:^.^ ^mw-r s fc & ^ y<j^y' 

m^7'y^>='-9--^i^i:^mcx^xmm\t. »Tyi-;^ 

m^^J>^:^. mZTKtLXm^i-^^ti^X^^, 
[0 13 2] i^. rrffflv^s^. T/U*ytL-Ctt. 

ry^^T*. iii?{k7k**. ^/:/7k, «#-f 

[0 13 3] ^{c^ :^mmmm\^^^'^mi^&m(7)m^ 
mm^m^^xmm^Mos^^y<i^^'mm^tltz^f^m' 

[0134] 0 2 6 1:1* Lfc J; 5 '^^m 

;'9;SS6 0 k g f /cm' SI^TX\tWmM^1&:i-tT>- 
x:}-Jt{4l X 1 0*' l^±**|lif LTV^5;55, ;eix?r® 
x5 ^tL^fc-ISTL, -?>:i^ff*£E;'3;i^ i o o k g f / 
cm' t?(il X 1 0'' icSTfSTLTL^^c "Hi- 

tzm^iat. -AWiS7kS.t)*i 1 0 0 k g f / c m' X 

hT'^Ti-ititixi 0'' &^±^mm-xi6^. mm 
mLx^mi^&mmmzwmM.7!)m^-r?>(D\zML. * 
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[0 13 5] d^ic:^mmmmi^m^^^mi^mm.<D^^m 
[01361 E 2 7 i,t^-(D^fm(Dmm^m.mxh 

W^«ll&i-5o 10 

[0137] :^m.fmx\tm 2 3 i.tz&mt^ji'^'— 

i^'-*y >;^7K^^W8 ^ffl^^rV^^, ^©SK/tN/U^?'' 

5f 2 0 ^5#ll5iprHg-efc5 J; 5 tc?FM$ixfc*«ll 
^^IxTl/^So ^(^^2^f*:»fi2 Ofi. ^^V^/^-li 20 

Wk-^^%m>h y >^7K;5S^t-^5g#:X^2 O^ffi^S 

[0 13 8] m2B\-i.'^-<Dm^m<r>mmwjm 30 
[0 13 9] :if.m^mx'\'i.. wjsai^jaas 

(^HN^Pl 1A(CAPX.T. lOjSffitJlS** 

1 1 B;5^"IS:tte5tlTV^5o '(7)#^p 1 1 B 

[0 14 0] {mm<Dmimm) '^!K\^if^m<Dmm<D■m 
mmM\z.-:>tm2Q^Wi^^x%m\^mm-r^o 029 

02 9T:\ 02 3 t|Rl-<7)gl5^(CoV^T(il^- 
[0141] Jlc^JifeJi^^iT'tt. 1 l^gClc, ^ 
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[0 14 2] *^f*:Sffi2 0(±. ^Hc7)^JfeJF^Sti^1f 

-ll^roSK^/^^5^-6^cSi^)#^tBr^-efe2.„ *fc. 
;*:*J£JI?^T-li. 2 {C0^ L7SV^±T.K») 

19, il^^<^S1S2 o^5"-rw<-irt|:i^ALTS«(l 
1 fc^LT!^T$-y:5 ^ <b (c J; 19 ¥*^S:K2 0 
[0 14 3] Sfc. yXVU4ii, /XVl'^ST-ArtgP 

-So 

[0144] S/c. *jfHffi 1 A(C(± y 7 

lb y >X7kd5^^&^tg-efc f9 . mtc:<J;9?fc^f1f 1 A<^ 

[0 14 5] StC. ?5fertffil A©T§I5{C|10^%L/£V^SN 
7K/■^>'^7';45gt 19 fTf fctLT*5 19 . ^ cD/VU7'SrW < i 
X. gfejflf 1 Artlf|3©y >X7K?r#t±lBrtg-C'fc 

[0 14 6] ft(C-(75^a^ffll/^T^*#:S1S^gfej#-1- 

5;^}fe(^ov>-c0 2 9 ^m^^xmm\cmwi-t^. 

[0 14 7] ±iELfci|i^^S«gfe?^gStC0^L7:cV> 

2^|^T$-a:^ *^fls:*«2 O^VX7U5fe<ffi4A{ci£^ 

;!)^o. gfe^lf 1 AlCJlX^$ix5{4gTifih$-iJ:5„ 
C ^ X^ Ste^yi-^- 2 {c« r «{iBT'lHlteBll^ hfa^ 

x.oymmx^fa^mw^mifi'f^^.y^^-x^nx^m.^ 

[0148] y >-^7K«^t 7 

Art§|5{cS|*E7k^5fei§$-frfcm^ mmM(D 

F^^. gfe^^^f 1 Atp©e«iE*^i#*{cSi^$^x5J:5Ji 

[0 14 9] rco:|^liTVXyU$feSSS4 Ad^ti^JEtTK^^I^ 
2 O^ffiirifijttTitWL. |5]Bt(r, yX/U^Jf 

[0 15 0] r(Oj;5t-U-C^#^£feWgfe?fH^fT5r 
t »c J; t) , if.%Wm.X\iiL^(Di?m^<r>%^<n%m& 

1) ^t^##:SS2 0{i. ^(c^^Tk-^^tcS^n-CtJi?. 
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[0151] 2) gfe#1f 1 Al^ig. »«@^?&A6. y 

[0 15 2] CMP^lc:±|B«7)7|s:|gP^O^Eg(D*JS«JF0 

10 15 31 ?^(C7|s:^JS?i0^i«7)ig?]^0iJ(c:o#, m 3 1 ?r 

ffll/^TlfeB^i-So 0 3 1 (A) fi. ±te(7)^JfeB^T'ffl 

So 

[0 15 4] 0 3 1 (B) (1. yX/1^^4S4 AS.t>VX 

y XVl-^U—ASlC, «ifcwyxVv-ftS4A;Ss^#ajL 

TV^So 

[0 15 5] 0 3 1 (C) (1, yXVu5feiffi4AS. 

tJ<yXyu7u-A5(^^-(03gji^M^:T^bT*J'9, mm 

IS -ijfejf i- s '^mi^mmi^m tr^ -r s j¥^<^ s r 

Mff^^tto y xvi-y I'— A 5 ic, it^w y xvu-^s 4aa^ 

[0 15 6] m?5rogEf^0!i-efi. #«f*:s«roef&;& 

fpi. /cev^L(l. if^3if*S«»}i(S^Etc^;l:LTyxVu 

^ffi4A;^|S?fM$tlTV^Sfc*. la 2 9 (CfSftOSK* 40 
/u-^- 2 ilriafe^-arixfJy X/w^itT-A 3 {±[H]fe$* 

fcSo ±m(Dm-<^^MMX\t. yxVv5feiffi4A 
^5+^(c^-tcff^fiii$H-rv^ti«^ 2 . yx 

^ffi^ti-rs^<b;i'i-e#So */c. ^tiP>(7)^?P^^!l-t1i 
Mic©y X/U^fe4iS4 A;45iej>ST'fcS^^ y XyW4 ^JSttV^ 
fcfc. 1S^oyX/PSriSfcTyXVl'S«fT-A3l^g|5(c: 50 
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[0157] (msw^isji^sg) mcms.(Dmimm\z 

otias 2^fflV'Tp*fflfCt5iBJ-tS„ 032(1. CMP 
(Chemical mechanical polish) gB^SrfflV''T7 y t° 
i^i^'«rtT5^{-. W3 0A. y-yt°>'^'m3 0BA^bti: 
^yy M'l^^m^ 3 0 y y \fl^ir(Dm L 

[0158] ±fB07 5' \i°>-!f^mm{-^^Mz^^MW- 
ic. m^^\.fz.m.-^xmfc^Mcy y ^fy^'mmwrn^ o 

XVU7 U— A 5 "tiiTJ^t^COy XVu^!ig4 A/4^?)l!t[±5i-S 
iHlffiTKirioTSffigfeif^^T^rti&ST'tSo ^^-C\ 

y XVV7 b Lxit±.B<nmE(Dmmm<Dmm 

-ctfilcLfcit::&#:?f$wyx>7i/-i>,5. /^v^L, l?;^ 
cofc-5RSff^4^tt7)yxVu7l/-i>.5Srfflv^5:ii:T\ y 
Xyuy A 5 7557 5/ t°i^^'^&:i, 3 0 ofsrtt/i^^rlHlte 

^-tirS (tt::^#;f^toyx>7u-A5feffl©t#) ;a\ 

^^T9Ct^5-e#5o 

[0 15 9] -^tz. Z(Dt^(DMRy^l±.t} (5 0 k g f 
/cm' ) t. m.W-r^(Dm^y<~T'{ i^^/l-m (Partlcle 
count/'>zc/^— ) (Dm^^mS SiC^LtZo :L(DmiiC 

T^LtzXoK. cMPm^ff^^mzmntzmxh-oxii 

120kgf/cm' t-rntf. ^®/-^-X'r^/l^m2 

0JWT^*m-e#So 

[0 16 0] ±E'^#3l»^^-e(jyx/U'4tt. X 

5 ifti±7k<^*JBE?J(: if J; o T jiH^ ^ e> -t 5 r t >6S 
-etSo 15iJ;t«s iSjE7K^>7';6>e)yX/i.5t<Sjfi«l*-e 

^rXx^-t/xf^^-y'T'ffML. y :^J\-9c^^(n?^^^ 

fe. Xx^^l/X^^-yF*=lSm{b^oA)l^^?FM-t- 

^^mtmmtLXi,^\/\ z(D^o\zi-^ziiX\ ^ 

Mi\cmm&\i<Dh^^^-y'^%?,m^x'%6. 

X\ «^w^H;a5pjfg-cfe5o 
[0161] 

X v-mim(om\^wsxtwmm.^mk'f^ zbi)ix^ 



(16) 
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^Zt:A^'^mvh'Os *^oip±lSl3 • [!^lgP(Di^:fr(co^^T 
ii?-|^*SIJ* Wig 1/ ^#^tt^^^fls:S^gfe?^;^ffi^5«^ 
T- 1 . t¥ 5t5 3 o C M P ^ gfei^* ^ - 

ti:-^mtLtCo 10 
[Ell ] *|gBJI|-0^fflff^^{c#,SI$:^*(Dit^2»fl: 

[0 2] #®^V^5 Afijf<75te:;k:aS([l-(?fc2,o 
[031 #gJSV^5 A©TCd^P.it^3iftsSte2 

mS.tJ« 1 mm t Lfc^^W. ^^fls:*«i5fe»|Hi#0«ffi7K 

(7)8'i'>'f-i|^*fls:a«_h<7)|5ft#^> hie (t>:r./N-afc 20 
^^^-y'^^j^m ^Miciofct tcoM^^^i-a 

[0 4] ^Si^V>5 ATSS1?(^P?|P*B (yXVulii 
B) ^2 Omm/i^t. 1 0 OmmS-e^-fl:: 
«2 O\zW'M-th0iS.iK<Dmti^5 0 k g f /cm' . 
lOOkgf/cm' t L/ct#(^i5fe?|f • lfc:^^<Dl>i 

[0 5 ] m-<Dummm(Dmi^m<DmmWLmmmx- 

[0 6] ^-»*Jfe?l^«8tc:M-r2.*i^^-v?^-/i-tcffl 30 
V^/t. Pen. CJ, Cavipen. M J (D^/X/P 

[0 8] M J lr*5lt555fe#SI)moM*fB#rBm?^tt^^ 

-r0Tfc-5„ 

[0 9 ] [lI]ff^^^•>^/^-±(rJ^gliILfcf*Wcol/^TCO 
[010] ^Z10||JS15iltC/4^;i>5C a V i p e n?|fc# 

*i*^*js-r^gtt«^miii&0T'fe?)o 40 

[011] C a V i p e nifci#-{::<t5/-^— 

[0 1 2 1 C a v i p e ni5fe#;^}£(- 

Jolt K'X'f-l84J©a*tiiPJi-5fc*wSt;i;0T- 

[013] C a V i p e nj*#:^lfecDgfe^ai|WyX 
[014] Cavipe n^}^:fe-feWj5fc?t?aiP:<^ftBE 
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[015] C a V i p e ngfe?f-:^jfeCOj5fe#g!ll|oe7ai 
[016] Cavipe n^:)jm<DmW^^<DBti 
[017] Cavipe n gfe#:*-fe«j5fc#^*W^ffi 
[018] Cavipe n gfe#-*-ifeW?^#SI)ll<^ P H 

ft#i4^^-r0T'fc5„ 

[019] Si, Si02. Si -ti^h,^fl<DBM<D 
[02 0] S i O2 . A 1 2 Og ©if— :?l;^a:©pH 
[02 1] MJ joiO^C a V i p e ni5fe#(cM-t"-5, 

vf— -r-ay;^ tfc#iS?feii:(ct3t-t (D^iSiS: 

#14^^i-0-t?fcS„ 

[022] ^-nn-mm<DmmKii\-^i/ xvu^ 
^gi5os93wif®0-efe 5. 
[023] :¥-^m<D^^<Dwmm\z>^^^Mww&i 

[024] i«/±7K<^P* ;iiS#(C«JSljS;4>it^^#:StS 2 0 

[02 5] ^^#:S«2 0«B(>litmi-5-<f>Cfti±* 
[026] *^PJc7)^^»^»^ffilCi^ S^i^^ftiKte 

it^LX^LfzmXh^. 

iifffiE5i0-efe5o 
mxh=b. 

[03 0] CMP^(c*|§0jro^Egro^Jfew?|^«iSrffl 

[031] :^mm(Df^m(Dmmrm<DmMm\ctdn 

[032] :^mm(Dm^(Dmmmmi^iini>mi^mm 
<Dm^mmmxh?)o 
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